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Foreword 



In publishing ilii- pamphlet it i^ no! the intention t<> offei 
ii ir\i book or a treatise on Suspension Bridge -this Geld has 
been well covered. Judging, however, From the number 01 
requests we receive for informatioD on Suspend >n r.inl.rv in 
general, and for specific data on this oi thai brid^r in particular, 
we feel thai the contents ma) be «•' considerable value to the 
engineering profession and to all others \\\m uiaj In- interested 
in thi- i \ pe .1 bridgi 

Many "f the articles here assembled have been published 
previously, notably those from INK ENGINE! RING \l WS 
RECORD and from WIRE ENGINEERING, i-v whose kind 
permission we are including reprints in this pamphlet. 
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Ine rather of Suspension KimI-i- 

in \ merica 



John ^.uguiitiM Roebling nra b 
June 1806, in \folhauAen, in thi I it i 

■•I li I m niMiiN M olhau 

i in old milled town founded in thi 
fi ai 8 ml in the word of Tern » 

' \ slcepj town, w bi n und< r the 

-He n hi • I 

I hi ami old ml i deep< m -I j i u 

b) . - u 

In i lu • .• daj thi rt wen m ra loi ii 
in Muli 'n. i I. ml ind irti 

n doing Iheii rk in I hi u i >w n litl I- 
hou • the n hoi i imil) i i he 

women workin quit is hard ■ •- tl 
men. I- oi mon than a ' h< 
then had been hard w * 
\ 1 ■ 1 1 1 1 . 1 1 1 - . r i bul nti ' pi i r iti it '. -j 

Hard work « il houl - nt< rpra i .< kL 
<>l catalep I ife n i I 

i.l; ti it Ml .| 

i o i man lik' Pol i \r\ Fta blic 
father ol lohn \ Ro< bling th< i i] 

live life ol this old « .- 1 in 
I's no mi mi ii ksorae He kepi i igai 

id Ml Hi | I I to -fir lk< I Mill' Il 

tob i h Id. Smoking in » Ii \ 

m tnj you know, is a nrhi 

\in« i it b it i .I, ■ mpl lymenl I i 
the ' ierraan, unokinj r»\ erie and 

iuVr*i>|n'i t m . |ilkil*»soph) Si i Pol 
Rooblinp l< *\ ed M Qthausen and In 
and died i hen il< pile lii^ son - i II 
t< i lure him b i Vtm > i< i 

Earl) M . 1 1 1 1 1 1 . 1 1 Influences 

I he mothet diflV i ill) from tl 

I Ip i in i h .it i. i ei m- 1 disposition u 



I <lin \ II m Lin 

in- -til. i sh< pra a v n of trcnn 
u ii ' il and pi il 

I \ei p in ii. t 

V\ hi* li |h 

hop I tad j el . ireai > i 

i ■ .i mm h doii 
lid it whimj 

hi .I dm 

hei -li upp tintinenta w ill 

I. Ill « Sll !||| 

I 1 1 I 1 1 r . . 

it h i nol until i Id, 

iii- hud iyed rm "'.il i| 

t h.ii lh A IH il ||| 

the full 

• •in i ■ | 

I hei n bad I 

■ I I. 

oi her i ild 

thi luiii she would fulfill 

hei tiny. II 

. illi ' 

! 

ibled I | .• I 

I i 
fli. I 

irhei 

hi .i f 
mon) l - 
lixhmenl 

ll< 
Ik . 

<l hi rt of 

nUirk t ml 1 || t 




without a quivei of the li|»- or the 
shedding ol a tear. !i « is m eternal 
rarewell, For almosl in the acl ofwavin 
h, -, adieax she was seized with i mortal 
malady and died before hei son, v\ ho 
„;,. ,|. stined to pla> so conspi< uous .« 
pari in the commercial life oi Unei i< ;< 
; foi whom her owe 111- had been 
one long travail, had sel foot on tl 

i land Hei work was com- 
pleted. She had me1 her dcstinj 

\ Disl inguished Teacher — 
His I riend 

\i I »r. I oger's Pedagorium, in Erfurt, 
Ji ,hn I tot bling won the admiring friend- 
ship ol listinguished doctor, whose 
Qumerous books i in mathemal u - an 
toda> in the Roebling library. M tht 
; ,.,| I niv( rsil v -.1 B< i lin he studied 
,i, hitecture and engineering w ith Stulai 
I Rabe; bridge construe i ion w ith 
:tleyn; hydraulics w ith Eytelwein; 
i.i jes in regular course and philo- 
-li\ under tht gr< il 1 1< & I whoopenlj 
wed thai John Roebling was his 
tii pupil. 

I his last statement is important ind 
w t it John Roebling was the 

orit pupil of ili«' imnu i tal I U gel. 

I legel i I h epoch-m ik< rs <»l 

Ihe world, In the n dm of pure reason- 
ing I inks with Plato, Descarl 
Spinosa, Kanl I' is impossible to 
studj him diligent!) and no) be pro- 

Lindh influenced b> his teaching - and 
>< mth like J< »hn Roebling to ha> e 
l.<t p : hi tto intimate ■ < ml a< t 
with this dominating personalit y was 
at once .1 prh ill gt md a 1 alamil j , It 
pri> ilege be< ause il opened the 
to the spiritual realil j bai k 
ol il ad de< -*\ " <>l mat* r ial 

phen It was a 1 alamjt j b* 1 ause 

it begat 1 pri< 1 i arr< >gan< e ■ 1 opin- 
ion and .1 frigid Lntellet tualit) thai 
almosl pul the hearl of him into < old 
storagi 

In i« ading t he biographj ol John 
l\* tebling w e * Em trat e 1 he influence of 



the masti 1 through the entire lift of the 
pupil. 

John V. Roebling Sails to 
V tnerica 

John Roebling set sail for Vnu ri< n 
i,, the ycai L831, and landed on our 
shores a young man of twemt y-fh e, 
... emingl) e juipped for any battle thai 
awaited him. He was a most an om- 
plished genl leman. 

He had no knowledge of the sew n< e 
ol farming; indeed, in his da} farming 

art .K ranked a* a science, nor had he 
.,i,\ practical experience in the work 
itself. Se\ ertheless he had 1 hosen to 
become ■■ farmer. II*- had graduated 
from the greatesl university in the world 
as .in architect and engineer; be was 
s< holai ol wide reading; he was a phil- 
osophei ; he was a musician; he was a 
mastei of three languages what dad 
all this to do with farming? 

\ml \« 1 ii. had chosen well, at leasl 
f ] the tun. being. II-' forthwith in- 
vested .ill In- limn* ■> ui desirable land 
at 1 heap prices, thus preventing its 
dissipation in » >me \ isionarj enter- 
prise Vud so owning good farm lands 
well lot ated, he had, from tin 1 \ erj start 
insured his In ing and independence. 

III. land selected bj him was in 1 he 
western pari of Pennsylvania, Butler 
< 1 mn1 v . aboul twenl \-li\ e miles from 
Pittsburgh. Here he and a fen of his 
. ompatriots, pur< h ised some 7. tutu a< res 
at .hi .i\ ei age price of x 1 57 an acr« 
and founded the * illage of < vermania, 
ill. 1 ward 1 ailed Saxonburj 

His biographei admits that he never 
became ^ first-* lass farmer. He made 
;i li\ in-, to be sure, bul it was \ mi 
Ii\ ing. He supplemented his fanning 
with other employments and one day 
it ... 1 urred t< 1 him that he might patch 
..nt his income, if, bel ween 1 rope and 
during the winter, he would obtain 
employment as an assistant engic 

in making SUTVeyS, huildinu I -'M.iU and 

dams for the stack-water na\ igation- 
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I [is sen ices were readilj ac< epted 
liis real merits were sood recognized, 
and ii was aol l>\\n befoi - his know- 
ledge and --kill were In ael k e demand, 
Henceforth, t he farm was practically 
abandoned, so Far as John Roebling wa 
i on< erned 

\o doubl among our readers there 
ire some w ho raaj re -ill thai before 
i he developmenl <»t railroads, tran 
poi tation bj canal was considered tin 
culmination of .ill thai was luxurious 
and rapid in l<>. • >moti< >n- Bui .1 canal 
1 ould ii"i 1 ross 1 he mountains even 
^ ankee Lngenuit j could qi il 1 ompel 
the water to run up hill. I he 1 anal 
boat however, was under no such limita 
tions. Ii was made to cross mountains 
without disturbing passengers 01 freight, 
and b> a n er) simple expedicnl 

rhe boat, you undei stand was buill 
in sa tions and a1 the base of a moun- 
tain would be separated, loaded on a 
portage railroad, section bj section, and 
hauled up an inclined plane with rope 
and windlass. M> like process it was 
lowered to * canal on the - tpposit e side 
•-I t he mountain, and then continued its 
journcj , 

Hemp Rope I irst I sed 
on Incline 

I he ropes used U > drag these b ia1 s 

over the mountains « ere v< » ) ■ lunis) 

,n "t 50 era) inches in diametei 

in ide 1 il Kenl uck> hemp I hej wei e 

ver) costlj and short-lived and 1 

1 lei able item ol expensi John 

Roebling was of 1 he opinion thai ii 

rope - ould be made "I" wire flexible 

enough to n ind on a w indlass, it oughl 

to cost little more than .1 hemp *a\>l- 

and n ould i»< tv>< greatei tensile 

strength with one fourth the diameter. 

VIoreoA er, it would outlasl a doz< n 

'' -I" madi of vegetable fiber. Vo one 

in Vnierica had ever made ■« wire rop 

nor ever seen one, Roebling him- 

( li re ailed an item in i periodic al, sent 

him from Mulhausen, to the effeel that 

me < .4Trn.ni inventor had prodm ed a 



w ire rope, and he i ow luded thai \\ hal 

an indigenous I U rmai ild do in 

the Fatherland ■ « 1 ransplanted < !ea man 
oughl !<■ do in America. \i .ill - \ en1 
the idea was woi th .1 U ial. Hen wi 
note the birth of the Roebling Idea 

s >> lif built a ropi w alk on his farm 
at Saxonburg, purchased ;i quant it > 
ol wire deemed suitable foi this pur- 
pi >se, and act uallj fabi Lcated .1 w ire 
rope that surprised lii- most buoyant 
expe< tations \\ hile this was a 1 emark- 
able a< hii \ emenl he did nol stop hen 
I he \\ ire rope lead to w ire 1 abl< still to 
be used in conn< ction w ith canals. 1 1 
seemed t hal can \h w hi h ari in n alii j 
ai 'iii«'i;il rivers, mu 1 sometimes cross 1 
natural rn ei Here ol • oin h the 1 anal 
l" 1 1 unes .1 wi 1 den aqueduct, but .1 

nit aquedui t, 1 apable <>i floating a 
rial b tat loaded i" the \ \x\ ales I n 
those days tli«' building ol such an aqu< 
duct wa a big and .1 \ ei \ hazardous 
nii'l' 1 1 iking, I"! frequent Ij 1 he ice in 
the ri \ er would porge and a ush out the 
piers and abutments. John Roebling's 
inventive mind e\ o\\ e I an idi 1 m 
<»t Ii. f <|r\ eli ipment "I the Roebling 
/</"/ it had its 01 igin in .1 memory 

I )in ing In- student daj he tramped 
throug li northern Bavaria and saw For 
Mi- in 1 time ■' bi idgi iu sp< tided b . 
1 bains spanning •< imall stream He 
studied 1 he sti m turi , iki U hed it and 
made it a subject of a th* is Vom It- 
recalled his youthful essay) and 1- 
thought In rn thai it » cross rivei aque 
du» 1 were suspended from w u l>l*'s. 
so mu< li -1 rongi 1 than chain il would 
eliminate piei s and posl and 1 >thei 
obsti uctions, ani I lea^ ■• 1 1" rivei to 
II. .w at il^ <»« n sweet w ill 1 1« I. ml liiv 
plan and calculations befori the en- 
gineers "l .1 canal company about to 
1 ross the Uleghen) Rivei .it Pittsburgh, 
frankl) idmitl ing tli.it v\ hat he w a 
proposing was w ithoul i»i ei edent. 1 1 
n 1^ confidi at t hat M- figures were « i -r- 
n - 1 and the advantage to be -nurd 
justified some ri>k. 




He was ordered to do th< work, and 
set aboul K knowing thai the outcome 
would either place him in tin- forefront 
of American engineers, or ruin him for- 
ever. The undertaking was a success 
and led to many commissions for similar 



IMorr I"' had oompl'-ted the bridge 
over the Monongahefa River, .Mm A. 
Roebling realized thai he must have 
>!iM,,s;iii«l machinery, and possibly mills 
drawing his own wire— andhere the 
Roebling I<1>" finds further development. 
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w h Fa/la tqumduci built f>* Hobbling in 1950* Set Page 7) 



work. Several of these suspensions are 

st ill in use, unimpaii <-d and -r.min*d\ 
.d t,.i all eternil 5 

< anal vs- Railroad 

Were il nol for the mar. h of pro- 
gress, with the canals being sup«r-rd.«l 
h\ railr- >ads, and other modes of trans- 
portation, man) in- >re of i hese 01 iginallj 
constrm ted iqueducl - would ^ill be in 
operation. -^ 

I be mental transition from a sua 
pension aquedui • to a suspension bridge 
i v simple pr» >cess John Korhlin^ 
recognized the fad and pondered it ; 
and the whole world knows the result 
• A thai brain a< t ion 



He also rrali/rd thai Nivntihur- wa- 

nut a suitable location for such a plant. 

\foves to Trenton 

Hi- friend, Peter Cooper, whose iron 
foundries were located in Trenton, New 
Jersey, recommended thai he consider 
thai <it> as a possible place for his nen 
|.l..nt VHer due investigation he pur- 
i based ground there and in 1819 moved 
his family. John Roebling was the archi- 
tect for everj building of lii^ new plant. 
and tin- designer and in\ entor of nearly 
ever) pi< cc of machinery thai wenl 
into these buildings, 

His continued planning and building 
ol bridges, the mrtion of a bridge at 
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I in* innati and even the wonderful 

bridge over Niagara Falls, were onl) 

pretimioaj j training !«>r the monu- 

nt.il work which \\.i- to cost him 

- life, w In If crowning it with glorj 



loose in this world 1" Silas Marner, 
that beloved old charai ter, the creation 
of I ieorge Eliots 1 inimitable pm, real- 
ized tlii- fon e, and admitted that 
'though often poor l'Ik ^r v 1 h.-y arc 




Hijth fnlU tqueduet tpanning thm Rondoui '<«#•&, nmu High Faiim, *\ ) 



I watch the growth of anj thing is 
always interesting, bul how mm h more 
Fast inating it is to retrace our steps 
still further int. 1 1 he n.'alm of idi as and 
wati'h their development from the 
embryo form until thej find expression 
mi aome tangible form Ideas are the 

si potent factors in the histoi \ and 
devi lopment of this world. Soi rates 

pressed the same 1 hough! when In* 

id, Beware when .1 thinker 1- lei 



sometimes made flesh, and then then 
present 1 1- a pi »m er, and then t hej shake 
11- Ilk-- .1 passion and then we are drawn 
itiir them « iili a gentle ■ ompulsion, 
.1- (lame 1- drawn to Ham. 

To trace the development of the par- 
ii. ular idea wit h w In, h w are 1 on- 
1 erned w e ha • e turned back the pages 
oi in toi n nearl) oinel \ yeai s, tor the 
purpose of a better understanding of 
the Roebling hi* a 




The Bridge Builders 

Adapting ili< Roebling Idea to Suspension Bridges 
A feM of the Early Bridges bj the Master Suspen- 
sion Bridge Builder, are here briefly sketched 



Y01 have been reading of th» 
histon of John V Roebling 
from lii- boj hood days through 
the - arb days of his *\*-\ elopmenl of 
ihe Roebling Idea and it- adapl ion to 
the building of suspensii in bridges. 

I hi ._■ ol wire was advancing rapid- 
ly, bul John V Roebling had set a 
dis i. mi mai k 1 1- belies ed thai in wire, 
the solution of all of tin- \ rcdng problems 
, ,i bridge building, had been found 
In a small waj i he thing was oln ious 
bul In- ambition qi \ ei stopped there 
He believed and had b< I" \ ed <- 

he made the first r< ipe, thai the 
majoi I'.n i of -1 bridge i - >uld be made up 
ol * ires ol scrupulously high qualit j , 
constructed with a rigorous regard foi 
scientific tenets, and would - arrj with 
easi an} rcasonabl* i raffic thai mighl 
be Imposed upon it. 

Man) engineers said he was visionary 

l a hobb) isl . ^lill with fori e and 

tenai i1 j "I purpose he urged his - on- 

tentions until a1 last the engineering 

w< .i I'l wras compelled to heed bun. 

In the fai e of such opposition, and 
in \ uw ol centuries thai had gone b> 
before w ires w ere introdui ed in ro| h . 
it is n markable thai so soon after his 
initial experiment he should hajre worked 
mi! in practii allj t omplete detail the 
pl.t 1 1 ol bridge i onstrw tion whi< li « ame 
Umax in the span i <l thi Easi 
River— The Brooklyn Bridge. 

Thf suspension bridge of the present 

da) t \ pe is bui \ in* 1 1 .hi inv enti< .h. 



Jami - I inlay, buill the lir^i regular 
suspension bridge in 1796 and 
obtained the Srs1 patent on this 
i\ pe ol l>riil. from the I oited 
States go> ei nment. Between 1796 and 
18 10, there were built 50 susp< osion 
bi idges in ■>« 1 1 irdance with tin 1 Fin! 
patent. I land forged i hains as the 
supporting i ables were used on ;ill ol 
these Finlaj bridges. The largest of 
these was the bridge across the Schuyl- 
kill Rivei it Philadelphia with a span 
ol 306 fi 1 1. 

I hi mosl famous of these bridges is 
the om across the VIenimac Ri\ er at 
Mewburyport, Mass., having a span of 
of 211 feel and was built in L809. In 
L909 one hundred years later, the 
Roi bling * lompiinN n-placed I lie original 
i hains with parallel wire cables con- 
forming i" present da) practice the 
balance ol the bridge was also rebuilt 
in conformity i«» present < I;* > practii e 
without changing the appearance ol the 
structure, so ii retains ita original out- 
lines. One hundred years from now ii 
w ill be perf irming its function without 
.i question as i<» it- strength and 

durability- 

■ 

Tin Roebling Company, through it s 
founder, John \ Roebling, was il>«' 
pioneer in the construction "I parallel 
wire cables and long-span suspension 
bridges. The lir>i greal achievemenl 
along ilii- line was in l » 1 1 when the 
ftrsl suspension bridge or aqueduct was 
constructed. 
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I In- Pittsburgh Iquedud 

I bis bridge consisted of seven individ- 
ual, spans each of L62 feel in length, 
supported b) two cables seven inches 
in diameter, Eai h < able was a imposed 

seven strands made up of 236 wires 
1 18 in- hes in diameter, totaling 16 
vt n. s in eai d cabli 

rhe success •»! this Grsl suspension 
bridge was soon followed l>\ others ol 

tpa< itj Ii.in ing longej spans 

.mil I.h ..-. i cables. 

\\ hile each "I i hese bi idg< - has it> 
indh idual ln-t' u \ and engini ei ing I u I 
the lull delineation i >1 \\ hich would 
doubtless prove interesting i«» i large 
aumbei "l oui n adei s wc ihaU attempt 
i" des* 1 1 1 m in h IK onl> a few of I he most 
impoi t.nii ones, and thu »ner reach 
ili. more modern bridges whii h in no* 
beii liuili to meet even greatei 
demands, 

I In- I .u L.i \* .i\«*n \<| ii<-«l in I 

Buili in unit in Pike < ount) Penn- 
syh ania, spanning the Lackawaxen 
Rh ei about two miles from its mouth. 
It • onsisted ol iw- 120-fecl pans 
upported l»> t\\<» seven-inch diameter 
■ ibles, eai li compose I ■ •! se> en strands 
made up ol 236 wires 0. 1 !<"• iw hes in 
diameti r, totaling 1652 wires in each 
i omplete cable. 

Dcla^ are Wqucducl 

Built in L848 spanning the I >elawar< 

i 'i at the mouth i »1 tin I .ackawaxen 

Ri\ -I li consisted of lour 13 I i< < i 

supported bj two eight inch 

diamelei i ablet; . omposed "I seven 

ftrands, each i ontaining '.<»<> wires 

i 18 Iih hes in diametei totaling 2] 12 
w ires in «... I. complete cable. 

Ili^h Falls \i|in -iluc-i 

'•"ill in 1850 spanning the Rondout 

1 reek near m- junction \\'w h the Hud- 
; ' Rh -I not far from Rondout, Nevv 

^ ork It consisted of a single 170-feet 
span supported b) two cables nun and 
one-hall inches in diameter, eai li cable 



i onsisting ol n ven strands, ■ mj I 

of 132 wires I 18 inches in diameti - 

totaling 302 1 wires in eai h - omplete 

i ble N i tfustration* an pog< - ) ai d ■ 

Neversink iqucducl 

Built in 1850 spanning the Vever- 
sink ' reek three miles ab ive Porl Jai 
\ i ha n ii a I hi urn dimi i ;ion i the 
I ligh Falls Vquedui t rm ntii >w I ti 

\ ei ^ shortl) aftei John Roeblii 
tblished himsell in I n nt m, gold wa 
cUscoy* red in < California kwakening i he 
counti \ to iln p issibilil ies of i he W est . 
and pnn idinp an im ei tivi foi the in 
vestment ol capital in i he extension of 
< a stei n i ailw .iv But rivers must be 
panned to carrj i hi i til tnd trans 
portation i impanii opei at ing lines of 
steam hip on important i h ei *, rabidly 
opposed plans to build railway bi i Ij 
with piei 3 threatenin t< - obstrucl 
n. in igatii in 

If the \iagai i rivej tuld be bi idged 
there would I" no conflict with steam 
ship lint but the natural conditio! 
\n hii h pro ented aa* igal ion made 
imprai tii able i he construction i if pii 
in I Ih- • 1 1 1 am. Prominenl en rs 

u ho in- pected thi site expre ■ ■ I i he 
■ ipini >n ' hat the bi idgi could not be 
built -iii'l it ■-■< m< I as though th< rail 

i) must halt in its o »urse i">\ \id i he 
West. 

I he one man i il the timi i i present 
i solution "I i hi pi i iblcra « eu i hi piono i 
wire rope manufai turej whose design 
n- 1" i sion bi i'L .• - had met n\ Ith ridi ule 
and oppi ^iii'»n r.s, forci ol ai gument 
Emd log ii il mathematical con^ a nation 
he gained « om erl his belief t hat he 
i ould safely - i U nd the railway u i »ss 
the Niagara 

Niagara Falls liriil^i 

In 185 I there was a< i omplished the 
apparent In imp issible feat ol con 
sti m ting * i ombinat ion raih id md 
highwa) suspension bridgi << n -- Hi. 
Niagara Falls rapid; I his bridge con- 
sisted "I an 821 feet cli u pan bet ween 
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towers supp irted from four cables ten 
inches in diameter, each cable consist- 
ing of seven strands, each strand corn- 



was the longest in existence at thai 
time It \\;i- supported l>> t\\<> cables, 
each Im\ ine ;» diaraetei of twelve and 




//.. Ultpghcny Bridg* built in 1&S6 



!0 \s ii. I L8 in« hes in di 
ametei . making a tol al ol 3640 wires in 
ea< it ■ »bli 

\ I leghen) Bridge 

Buill in 1856 a< n >s the Uleghen^ 
Rivei d I'M tsburgb hat ing t ^ « spans 
ol 3 1 I Peel ea< h. This bi idge was sup 
(h i] i ed b) foui cables two < ables seven 
inches in diametei md two i ables foiu 
inches in diami ter, made up ■ >i w ires 
l L8 in< In - in diameter. 

< mm niiKili liriilirt- 

< Opened h i traffii January I . L867, 
1 1 ossing the ' >hio It h ei bet ween * in- 
i imi.it i ( >in Euid < <>\ ington, Ken- 
tucky I In- bridge was anothei gi '•;*! 
undertaking of the Roebling ' ompanj 
It ha a i leai span of L057 feel . whit h 



one-1 bird im hes and composed of L9 
si i ands, each strand containing -71 
wires I 18 in- hes in diameter, making 
.i i >tal of 5206 w ires in each complete 
. able. The suspended length of each 
ol these i ables i^ 1700 feel between 
center line of anchorage pins. In 1896 
and L897, in order to accommodate 
greatl) increased traffic conditions, ilii^ 
bridge was reinforced l>^ two additional 
parallel v\ ii e i ables, each ten inches in 
diami U i and composed of seven strands 
of 520 wires o. 1 1-8 inches in diameter, 
totaling 36 10 wires in each ol 1 1"- new 
ibles These cables wen- ^uppnMcd 
upon separate -.i<i<ll«'- direct I) over the 
old cables, and the proportionate load- 
ing was transferred to the ue* cables by 
means <»l special readjustment ol the 
suspender ropes. 
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I be Hrookl> ii Bridge 

I i f I v in iIp- fifties, when the Niagara 

mplishmenl was more 01 less the 

talk "I two i ontinents and co nmunica- 
tion under seas b) i able Im<I helped i" 
emphasize the possibilities of wii e, John 
\. Roebling, pn »tagi >nist ••! the v\ iri 
l>i i<L'<* idea. ."K am i I a pi »posal t< i 
conned Xew York and Long Island \>\ 
,i suspension bridge and release the 
people <>l Brooklj n from ■> segrcj ation 
which tin n had made a somewhat futile 
pretense <>i enjoj in I labil <li» is hard 

The • i usl ol i ii-i bci omes sti m. 1 Is 

indurated wit Ii l< >ng exposure, and 
Brooklyn residents had fought the Easl 
River in i»i« Stable ii ari haii rerrj 
boal - too long U i !»<' lured lightl) int* - 
m\ liaison % ith iconoi lasl it Manhattan 
b) u.i v oi .i wire bridgi 

Roebling waited anol her de< ide, bul 
he hustled >\ liil«' he waited. The 
Bro ridynites continued to make their 
urn - 1 tain waj s ai ross the rivej in timi 
ol storm and i ide and ice as the Lord 

t> e them strength, and the sacred 
f< rryb >ats ^lill paid dh idends I he 
vicious winter <>l 1866-7, coldest, bil 
terest, longest the cities had evei known, 
ung forth al I; • — i a cr> for reliel 
The> could wrap themselves up againsl 
the weather, bul no weight ^i wi tolens 
i ould turn the shafts <*t ridicule. 1 1 
w i- grand ammunition foi the ad * o 
i ates <*i the l>r idge, when people 
U .i\ elins I • n i rain from \lli.m-\ act ualh 
rea< hed \ew ^ ork si ona i han did the 
in. hi who did business in New ^ ork, 
and left his hi>ni<- in I '.i<..,kl\n it the 

virile Ik mii 

\inl besides, the H< tebling cap had 
anothei feal her in ii now , in the a >m 
pletion of the ( >hio Bridge 1 1 < - was 
building wire bridges everywhere, and 
ii began i" l""k ,is though there w 



■ ime I ""In i »i trut Ii in the W estern 
1 1 intent ion thai New ^ i >rk w .»- the 
most pia\ ini i.il cil n in Vmei ii i foi il! 
its self appro^ al. 

\i one "I the man) bearings tli;it 
were held on the bridgi question ■> 
famous engineei who Favored thi win 
i ) pe, w a i k. ,| w hat i - * -ii he had foi 
belies ing ii would do the work I 
belies e it he n plied, because Roi b 
ling says so 

l he [nil ial < barter < Granted 

I he 'I' muni I'or ilic In idgi rose to a 
clamoi In ilif mont Ii of Maj . 1867, 
ill- mii id chai terwa si tnted, and John 
\ I toebling w as appointed engineei 
I In* i in* »nths afterward he ubinil ted 
his repoi t and i stimates, wliich wi 
examined and appro\ ed I»n a i 1 muni: 
ion "i engine ei 8 in i he I niti I Stal 
\\ ;n I >■ pai tmenl I hen hi 1 1 about 
prepai at u »n P n i li«' task. 

I Im Death ol lohn V. Roebling 

It was while fixing the location i"i 
tli.- Brookl} ii towei I hat hi met w iih 
tin- ■< < ident i hat i ausc I In - deal Ii 
Hut In- work had been w ell doni and 
his son and assoi iati . I "I. Washington 
\ Roebling, took up w ithout delaj 
the exa ution <>t the plan he had helpi I 
to ci eal 

If ili«- i »Ider Roebling eni ount 1 1 ed 
obstacles in bringing his great Idea to 
tli*- point ' >f ai i epl an< e, the path* a ■ 
i ,i his sui i essor, - edled w ithout w ai d 
ing to take over the responsibilit) foi 
the gi eatesl engineei ing laboi il i he 
age m as n< A strew □ n ith rose 

Wi.rk <»i ( onstruction Begins 

It was in the summer of L869 that 
John \ Roebling died. The second 

da ^ ol I. tmi. it v . 1870, saw the actual 
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work of construe lion l»«-uii. wh< n 
Iab<>riTs started to dear awaj to pre- 
[Mir fnr the foundations of the Brooklyn 
tower. From thai day forward, through 
a baker's dozen of years, then- wa^ no 
t. though there was plenty of inter- 
ruption, I ntil the job was ended 
Washington \. Roebling simply lived 
the Brooklyn Bridge li wasacolossal 
job, punct uated with changes and 
problems and complications, bu1 it 
went forward. The landmarks of a 
bygone age, old houses ol historic 
memoi j on the water fo »nts of both 
i ii ies, vanished silently and n hei e tb 
had been bj and bj there grew piles 
i if masonrj to form the approaches. 

I rom the huge caissons over against 
either shoi «e the towers, tall and 
grim, which were to carry the cables. 
in due time the> stood complete, with 
their broad bases welded to the roek 
l'\ .in ingenious bond of stone and con- 
iTfti- in tin- river's bed, and their crests 
nr.ii K three hundred feel abo> e I be 
top <•! the tide. \ hundred and nine 
teen feel and three inches, to be 
precise above the water ..pm.-.i the 
two tall arches in each tower, stretching 
upward one hundred and seventeen feel 
in ili«* air. It was through these tin 
bridge proper was to pass, with its 
gangways lor hoi ind fool and rail- 
way traffic 

< «.iil. I Those Slender Towen 
< arrj The <»n-at Load? 

I he Imn \ ing people <»l New York 
I Bro kl\n watched the thing gn m 
and wondered fearfullj whether the 
slender towers would stand the strain. 
In Harper's Magazine for May, 1883, 
now itseli yellowed b) age, is an exhaus- 
tive article concerning the Brooklyn 
Bridge, in which one is told at length 
and with engineer's exactness, the steps 
b) which the achievement, after thirteen 
laborious years, was brought to proud 
completion. 



Should we attempt to Ml the whole 

story of the now famous Brooklyn 
Bridge, it would be keenly interesting, 
;ui«i indeed would read like a romance 
and would hold \our interest through- 
out: but we need to confine ourselves 

at this time, l<> a few of the facts which 
are also very interesting in these days 
of super spans. 

The Broi>kI\ ii Bridge 

The completion of this famous struc- 
ture, opened to trallie in 1883. marked 
the greatest advance in Mispensu in 
bridge construction up to this time. 

The bridge has a main span of 
1595.5 feet and is supported I>> four 
cables each having a diameter of I if teen 
.oid om-li.iH inches. I he rallies con- 
sist <•! 19 strands, each composed ol 
282 steel wires 0.187 inches in diamel 
after galvanizing, totaling 5,358 wires 
in each cable. 

The cables have an ultimate strength 
of approximately 11,200 tons each, and 
if the total amount of wires in all four 
cables was stretched in one continuous 
length, it would cover a distance of 
I 1,568 miles. 

The three most important differences 
between the Brooklyn Bridge and other 
suspension bridges built previous!) 

1st I treat increase in cable Length. 
Including both side spans this bridgt 
has ,i total length of 3455.5 feel si 
pended from the cables The total 
length of each of the cables between 
center lines of anchorage pins i> 3578.5 
feet, making them the longest parallel 
wire cables evei fabricated for a sus- 
pension bridgi 

2nd— The Brooklyn Bridge marl 
the lirst use of Steel BS ■ " material for 
bridge wire. Ml prei ious suspension 
bridge cables were fabricated from wire 
(Iran a from chan i »al iron. 

3rd — Prior to this time, cables wore 

fabricated from briidit wire and <!••- 
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pendcd upon oil, grease, and paint for 
protection against the dements. In 
the Brooklyn Bridge, however, the 
hies were fabricated from galvanized 
wire, thus bringing into use for the 
tir>t time, sine as ii protective muting 
lor suspension bridge <able wire. 

\\ illiamsburg Bricljrt* 

This bridge, completed in L903, has 
.» main span "l lf»0U f<vi between 
towers, and i^ supported from four 

ibles, eighteen and three-quarters 
inches in diameter, ea< Ii consisting "I »~ 
strands, and each strand composed of 
2t)8 wires 0.192 inches in diameter, 
totaling 7696 wires in each cabli Tin* 

suspended length of eat h rahle i- 2 n M~ 

t between center lines of anchorage 
pins, and the four rabies < ontain a 
total wire length of 17. n. miles. The 
ultimate strength of < «i«h of ili*>« 
rallies i« approximately 22,300 tons 

Manila I Ian Bridge 

I he Vlanhal tan Bi idge, i li«' latest i ■! 
the New York Cit) Suspension Bridges, 
was opened to traffic in I*' 11 '' and has a 
main span of 1 170 Feet, supported from 
four cables twentj and thm -quarters 
in* bes in diamet ei and 1 1 msisl - <»l 3 . 
strands I ach strand is composed of 
256 galvaiti/eil wires 0. 19.1 in< -lies in 

diameter, making a total ol 9 172 wires 
in eai Ii « able I li»' total length <>! ea< Ii 
of these cables is 3224 feel between 
ttter lines of anchorage pins The 
continuous wire length "I the four 
rahhs totals 23,170 miles, and the 
ultima it- strength of each of these 
cable* i approximately 28,300 tons. 

Parkersluar^ lirid^i- 
This bridge was In nil in 1 € > I f > aeros> 

the Ohio Rivei al Parkersburg, Wes1 
Virginia, and consists of three spans •■! 

275 fret, 775 feet, and 373 IVri rvspa 



tivelj The bi idge is suppoi led l»\ 
inm» cables each eight and one-quarto 
inches in diameter, composed of seven 
strands each having 280 gab anized 
wires 0.165 inches in diameter, totaling 
l*)o0 wires in each cable 

Rondoul Creek Bridge 

This bridge, spanning the Rondoul 
Creek al Kingston, New York was 
opened to traffic in L922, and is one of 
the more recent bridges supported b) 
rabies »»f hoeMiiiL' wire. It has a 
main span of 705 feet and is supported 
L\ i wo cables nine inches in diametei 
consisting «»l seven strands, each com- 
|Misril of 282 galvanized wh es 0. 1! 
inches in diameti r, totaling 197 1 vi u 
in each cabli I >ue to the steepness <»l 
the I lays, it was oe essai ) to add 
t wo extra strands from ea< l» b »wei to 
ilie anchorages, these strands consist 
ing of 76 wires, so that each of the ba< k- 
vi;i\ cables i ontained < t < * t ; * I of -I2<> 
wires. I he total length of \\ ire in both 
of these cables equals 936 miles, and 
the -.trench i i each cable approxi- 
mates 6320 tons for the main -pan. 
.in.l tiKti ; i. .ii- lot the side spans. 

Hear Mountain Bridge 

The Beai Mountain-Hudson Rivei 
Bi idg< was dedicated and i ipened U i i he 
public "ii November 26, 1924, thus 
completing, after record prog n foi 
this i\ pe of construction, one "i the 
1 »ngest span bi idges in the woi Id 
devoted entirely i<» highway traffii 
The opening of tlii^ bridge provided .< 
greath needed -hort route foi East 
and \\ est-bound traffic bet ween Nev 
Jersey, Pennsylvani i and Ne* "» ork, 
on the western side of the river, and 
tin- New England States on the Eastern 
side, as well as within tie- Empire 
State itself 
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^1 IE Suspension Bri<L-r < .il.k ni.nl-' 
up of parallel multiple, pr< 
stressed bi idge at rands; 1- w idel) 
.11 i epted ;»- tli«' mosl econ< imical and 
1 fact >rj type de\ el »ped b 1 dal e B u 
intermediate span bridges, rhe innova- 
tion of prestressing was first introduced 
in L928 in conne< Lion w ith the foot- 
bridge • ables of 1 In- < Je u 1 1 W a; hington 
1 .1 id . Sim e 1 bal time li\<- bridges, 
ranging in main span fn im koo ft. t«» 
1207 n h.i \ - lir.-n lujili *, and four 
additii mal bridges ^i\\\ spans of from 
700 ft. to i. 1 :;" 11 are eithei building oi 
projected, all using this u pe of main 
1 able, 

In |.ii<- of t he fact 1 hal such cables 
rapidl) gaining in favoi il 91 eras 
when refei 1 ing to them thai there are a 
number of different tei ms In use I 1 
man) the) an U< ip< Sti and < . • 1 
to others the) u ■ I \v isted Strand 
1 iblc ; to us 1 he) Ii.in e been ' Pre- 
stre&sed Bi idge Strand < ables and so 
on. I ill* m< pr< >pi 1 designation is 

epted mi. I adopted, the result might 
w < II lead t( 1 confusion. 

The term Parallel Wire Cable" is 
mosl descriptn e of a i iblc t\ |»« and is 
recognizi d b> the engineei ing profession 
ii I -il- li de» r ibes the cable exai i Is 
A cable made up ol a aumbei 1 4 ss ires 
eai l» of whii b i- parallel to the othi 1 
But whal does "Rope Stran* Cabl 
bi m- to mind? \\ hat does the word 
"Rop< ignif) ? [9 the strand i\\ isted 



into .1 rope < a w as ii made as .1 rope 
strand? Hom are the strands laid into 
the 1 able? The term l<;i\ es us com- 
pletely ii j) in the air and is 1 herefore fax 
from descript i\ e- 

The name Twisted Strand I labli 
1^ no more aatisfactoi \' the 

strands \\\ isted ' No, tin j .m- laid 
parallel. I hen «i by 'Tw isted Strand 

1 Presl ressed Bridge Strand I !able" 
is more to the point, but it is still far 
from satisfactory . 

Thei e are, in realit j , 1 »ni) three t) pes 
of wire suspension bridge cables (we 'I" 
not iin lude - ables "I one strand or one 
rope); n unely, 1 1 Those mado up < >l 1 
numbei of individual wires all laying 
parallel in the finished cable. (2) Those 
made up 1 »f a number of 1 w isted w ire 
strands, the strands all laying parallel 
in the finished cable. I Those made 
up of .1 nu iber of wire ropes, the ropes 
mII laying parallel in tli«' finished cable. 

The one 1 hing 1 hal all three i\ pea 
have in common is thai the unit m< ru- 
bers as deli> er< I to the field are finallj 
laid parallel in the cables. \N herein 
the) differ i-* in these units: 

(h Wires (2) Strands (3) Ropes 

I hen \\li> nol adopt as stand 

td Ills; 

1. Parallel \\ ire * lablee (univers- 

ally recognized 

2, Parallel Strand Cables 
:*. Parallel Rope Cables 
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Spinning--The Progressive Step 

In Erecting Lon<r Span Parallel Wire Cable 

Suspension Bridges 



//, 



Bridgi 



1\ 1883 when the Brooklyn Brid ■ 
was i ompletcd, if \n<i^ then the 
in gesl suspension l»inL-< evei built, 
and it has held this record F< »i man * 
j ears. In fai i . w hen i lie 
length "l Lhe cables from 
.km horago to ani horage is 
considered, Lhe record wa 
nol broken, unl il i he **\ • - 1 ■ t 

of the i i gc \\ ashingl . »n 

I (i id( \\ illi the exception 
ol i he \inl>.i .n |i .1 Bi idge, 
and then i >nlj to the extent 
ol 100 feel .i record i >l al- 
mosl a half cenl ui j In 
poinl of main-span cable 
howe* er, there Imv e been - >me notable 
UK reasi in lengths w \xi< li art n idilj 
ii in the table preceding page I 
whii li also shows other interesting 
i omparative data 

The undei l\ ing pi im iple in\ oh ed 
in the ereel ion "I the i ablcs G >i .ill i if 
these bridges, are fundami ntall) thi 

mi. and « hile, quite naturall) thi n 
li.i\ e been improt em< nts and refim 
men I - in the methods used, these prin 
i iple remain essenl mIK unchangi I 

\liin\ said thai tin 1 building ol the 
I 'i. ...i.u M lit idgc was the dream < il i 
\ i - j ■ nil- i bulx it ii tu dom 1 1 has < • i > 1 n 
been a fe^ j eai - ago « hen i he i on- 
strucl ion oi a span as long as thi 
< !< i »rge \\ ashingb »n Bi idge was i" 
nounced impossible b) high authi >i itii 
and later il was deemed to be prai ti» al, 
bul believed i<> I"- unproGtable 6u/, 
// has been done* 

So, we continue to build suspension 
bridges of unprei edented dimensions, 
irii n asing the length ■ »l the spans and 
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the diamett j ol the c ibk w ii hi >ul 
matcriall) changing the basii pi in- 

• ipli - .-I parallel n in bridgi i ibie 1 1 m 
-ii u< i ii hi I hi re have been, h< ei 

ttialdo elopments thai 
Ii.in e made i h< greal 
ii idi possible 

I he > dc> elopmenl u 
seen in the ci eatii »n ol new 
high standai d ' ippli 
ii Ion, improA ed s< ienl ifii 
and mechanii il im i 
i ions, methods ind equip 
menl thai Im \ i * ured 
real safel > . efficient j an<l 
economy . nc\ - 1 bel 
appn •••' hed in bi idge building. \\ ii li 
oul i hesi thi building i >f i he < leorge 
\\ ashing ton Brid nol ha*\ e been 

d< mi with such pi i d and proficiem j 
i has marked this achie> emi nt 

\\ it li the background ol tradition, 
experience and accomplishm* i\\ i hal ha 
been iketi hed I readei 5 hi I loeb 

ling < ompan) was eminent U qualified 
to undertake the I- >ng, diffieull ani I 
cosl lj i esc "' h ind di re mil ing in 

more than thirl \ new feal ui i - an I 

• lii. nl I i [uipment and meth i hit h 
h.i\ e plaj ed su< li an impoi tanl ' ole 
in the erectii »n of the main i abli >l thi 

i ieorge \N ashington Bridge the largi 
suspensii in bi idgi to dat 

I his apparent suddi i jtep '■ n w a i 
does nol mean however, thai the 
de^ elopmenl i »l i he Ra bling Idee in 
suspi ii i ( 'ii bi idge building has lain 

d< irmanl fri >m the ere* ' ion ol ' he 
Brooklyn Bridge until thai of the I > u 
\\ ashington Bi i f i The im reasing 
length "I the *pan and other requii 
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rnents has been gTadual and without 
anj great "jumps", so the modifications 
and changes in the methods "I appli- 
. ation of the basic principles ha> e been 
a oatural development. In these basic 
principles is included the aerial spin 
ning method foi the cables thai was 
use I "ii tin- Brooklyn Bridge and on -ill 
long span parallel w ire i able suspen- 
ii -ii bi idges e\ er sin< i 

Reference again ><• the table ol i om- 
parisons, shows the items thai combine 
to make the * Seorge Washington Bridf 
such an outstanding accomplishmenl 
I here is another fa< toi however, t hat 
this tabulation does not de> el* »p, and 
that is the speed with which the spinnii 
of i he i ables has been accomplished 

I In*-. WC Im*I|''\ i-- m;<\ In- s«|r- li-d i 

the one big advance in the building oi 
parallel-wire suspension bridge i ables 
frai \m all) .ill ..f the thirty -three fea- 
tures, referred to aboi e, find their 
application and rrMilt in this one b 
mplishment. 

I he speed s\iili \\ hich the i ables have 
been spun has more than doubled sin< 
the record made on Brooklyn Bridge 
The spinning wheels carried the cable 
wires for the Brooklyn Bridge al ;» 
peed of 330 feel per minute, on the 
Williamsburg Bridge ilii- speed w i 
mi« reased to 100, and w ith the Man- 
hattan Bridge >\ furthei in< rease to 160 
was ai ' omplished. \\ hereas, with the 
George Washington Bi idge b speed of 
700 feel per minute was th< re< ord. 
Whal the record v\ill be on the qcxI 
long-span parallel-wire cable bridge is 
one thai will keenly inter 3l bi id 
minded people. 

I he importance of i his ac< omplish- 

menl can be besl appreciated when we 

Jize that the Brookl) n Bridge i abl 

atained 21, 132 wires with ;i total 

• able-length of 3,578 feel from anchor- 

i- » am borage and i he I leoi ge 

Washington Bridge cables with a total 

105,896 wires measured 5,212 feet- 
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Lei us, foi a moment review some 
of the developments thai have mad< 
this greaf advance possible. 

Tin- Spinning Wheel 

I he Grsl pr< >f 1 1 sh e step \\ «• note is 
the development of the spinning wheel. 
I he spinning wheel foi i he Brooklyn 

Bridge was of light woodej strui 

ii' >ii n iih a zinc r mi. a i indii atrd iii 
n lup \ \ ei lu d metal ri lose- no k 
frami i in ied the wheel. I he frame 
\\.i^ bi ai ed againsl the pn II ..I the loop 
of wir< l<\ i uy to a point on the haul- 
ing rope in fronl i i the w heel- I he 

lowei i ad of i he frame w\ uitei 

weighted to prevent o\ ertui ninp b) i he 

wind 

Up to the time of ' h< Geoi -• w u h 
ingt< ?t\ Bi idge, i he _ q» k frame w i 
used with the two legs tu the frame in 
iIm- shape of the legs of a i riati l< I hi 
permitted t he use ol i be w heel in both 
• Iii ectii »ns. The construction ol i he 
wheel also remained of light wood with 
a metal rim. For the George Wa hington 
Bridge, however, the goose-neck frame 
was replat ed bj a split sheavi rablj 
I he hah he n e liar* d do* award to 
giv< clearance t<> the spinning wheel 
;i- it pas ses these supp u I I he 

shea^ es ;it the top w ere bn >ughl i [< 
enough together to uppoi I the h ruling 
rope and far enough apart to allow 
pa i of iii*' verl ical hangei 3 on I to 
spinning n be< I bam* I he (rami n In- h 
hung dire iK below the n >\» was ol 
f i ucl ural steel and ti iangulaj in tha] 
hi • in . the v\ heel at i he ap< I he 
wheel it sell ■ onsisted of a i a < rteel 
hul> and two sides of pressed steel 
hulled ti igethci to form spokes and 

inn Maple w I was used foi th< 

i read at t he i im. 

Increasing Number <>i Win- Spun 

I in the Brookl) n Brid u h of two 
endless •* if-' rope » ramwaj u i •. ii 
two spinning wheels, took wire ovei I 
t wi ' «il i he foui i abli \\ iri - w ere 
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taken o\ ei ii om the Brookh n side «ml\ 
bo i h.ii the wheels rel urned empt) to 
thai sidi 

i in the >\ illiamsburg Bridge one 
tramway and two wheels, sei \ ed two 
of the four cables; but wires were 
taken over from both sides, and no 
w h< . I ran empl 

For the Manhattan Bridge and on 
bridges since that time, one tramway 
with two wheels served one cable, and 
w Ire was spun fri >m l"»i Ii sides 

I his mm mi thai "ii the Brookl) n 
Bi idge ■ >r 1 1 n one strand for each i able 
spun -«i one time, and on the 
Williamsburg Bridgi onlj two strands 
I. n one i able were spun ;»t one tinn 
l oi ilir Manhattan liri.l-.-. - • r i * i con 
tinuing since, four strands per cable 
u . i pun simultana >usl) 

l'i.'\ ious to tli«- erei tion of I he ' ieorg< 
Washington Bridge, the spinning of the 

I I in. I - n .is done w ii Ii the am hi -i shoes 
h- >i i/. -iii.il. I In- t equired tin- shoe t<> 
be i urned i hrough (i|1 i<> ant I ■ • - r l»< 
tween eyebars set in the vei tical plane 

III George Washington I >ri< li-rc strands 

spun \v i 1 1 1 the shoe vertical and 
pulled ba< k bel ween ej ebaj - sei in the 
\ ei i ical plane \n ithout an) sw \\ eling. 

\«l j usi i rig t In- \\ irea 

\n..ihri progressive step is found in 

the methods used in adjusting 1 1 ■ * - wires. 

In adjusting the n ires "I thr Brookl) n 

Bridge, ten platfoi ms, or cradles, w ei i 

used, supported l»\ ropes continuous 

\\ Mir KM hi ,i age i' i anchoi ag< I li-'i •• 

wen thre* i radles in the main span, 

in each side span for ea< Ii pair 

"i • abli 1 1" adjustment U> ik place 

from the ends <>l these cradles one 

rand hanging just within reach at 

ii end. 

rhe cradles carried the supporting 
shea> ee for the tramway n ip These 
• radles were rea< bed I>\ a footbridgi 
i it . m in. wide from anchorage to anchor- 
Previous footbridges bad been 



suspended from ill-' footbridge cables, 
I. ni foi i!i«' Brooklyn Bridge the section 
rested dircctlj on i he cables I he si 
tions v\ ere made en1 rrd) "l ■»" \ I- 
stock and connected to footbridge ropes 
by' 4 1 ' stirrups. 'I be sections rested on 
2«J g diameter steel wire n >pes and l ! j 
diameter ^t«'«'l w ire ropes jus! above 
the section were connected to them bj 
ill.- vim. ' I ' stirrups 

Like the Brooklyn Bridge footbridge 
tions, tin* main span sections for the 
George Washington Bridge wei ich 
1- feel long, and also like the Brooklyn 
Wi idge, were era ted from the center 
of tli« span i«> the towers. 

Because there wei e no l<">t bi id 
from which the < ables of the Brooklyn 
Bridge i ould be reached, all strand 
seizing, cable seizing and cable wrap- 
ping, had i<» be carried on from boat- 
swain chairs «»r trolley. Wrapping oi 
the cables \>;i^ carried on from a troilej 
. arriage. 

Instead ■ •! tnanila rope hand tackles 
being used, -»^ pre* m »usly, for w ire 
adjustment on the George Washington 
\'-i idgi small electri hoists with remote 
control, furnished the power for pulling 

the v\ in - up to adjustment. 

Elevation and Position of Strands 

The changed elevation and position 
during the spinning «•! tl>«' strands has 
bad much to <l <i with the increased 
speed 

The Bn >okl> □ Bridge strands were 
spun ;«t .in elevation 57 feel above the 
finished i able ele\ atlon al ili<- centea 
ol the span. The decrease in defl< 
tioo raised ill* 1 tension to serve as b 
tesl of both wire and splices. The 
difference in length was taken care "i 
bj setting the strand shoes during spin- 
ning, twelve feel behind then pennanenl 
pins in the anchor eyebare. \ tension 
of 75 tons was developed in i a h strand 
oi 2H:2 wires; while for the George 
\\ ashiDLMon Hri<L'<\ ;i U*iisioii of 1 30 
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tons was de\ eloped foi each strand of 

ill w ires. 

I he \\ illiamsburg strands w ere spun 
m elevation of 15 feel above finished 
ible position al i entei oi mi.hu jpan; 
th< shoe being 3 feel behind it- final 
posit ion iii ih«' .m< borage F< »i a p< >r 
lion "I the main span near the center, 
ili* I- n 'i I >i idgcs <li\ ided i<> l< irm one 
working platform parallel to the strands 
in theii spinning position, and am ithei 
platform parallel i<» the Bnished i able 
position. The verl ical difference be 
tween these .ii thi 1 1 oter span was 1 1 
feet. 

I he Manhattan strands were spue 
parallel to the Onished i abli positions 
li\ setting the shoe two feet in front of 



rout Stag** In the development ->t com* 

'•'" '"•- ••' bridgi cables from Brooklyn 

Bridge /..,' I. n /., * , .. ,. u aching ton 
Bridge '"»« , < /, t / 

ii- final position al tin- anchorage. 
Sim e the Manhattan Bi idge this *ame 
procedure has been followe I 

For handling the pull oi I hi Br< oklj n 
Bridj i ir inds al the am horagc .• 
i well e pai I * ire n >pe tackle « ■ 
1 u ked <»H l>\ .hi eight part manila 
rop< i.i. kle ..n.i, bed to the lead Lin 
I hi V ad ol the manila rope I a kle 
n as connei ted to a -i. im hoi I he 
ti osion no the wire rop< I i i wm 
eighl tons and the tension on the manila 
i< >pe lead one and one-half to i wo h ins. 
I he ii and foi I he I tn oklyn I U idge 
wei e apun <lii <■< tl\ « n er the tow< i I 

Idle The lift ing i -i the sti uids from 
the spinning supports, wrhi< Ii h i then 
irm. >\ ed. .mil i he lowei ine infc i the 
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Idle was a< i omplished l»\ lashing ili«- 
strand with \\ ire rope t<> a balance beam 
m\ feel long. < lonnected to the balance 
beam was ■» i 1 £-in< li diametei threaded 
1m *lt . \ 1 1 1 j i and plate washei on the 
boll was supported l>> a timber frame 
direi iK above the saddle. Tin* turning 
tlii^ imt l.\ .. large cast iron socket 
in h k it li .1 timber handle, raised or 
lowered i he strand. 

For the \N illiamsburg Bridge, the 

nn method vs as used for raising and 
lowering the strand, except thai > roller 

ii in_ u,h used undei the out and ■> 
I >.i II and socket joinl was added i<» take 

are ol ' he drift necessarj t<» lilt t he 
strands from either side of the saddlt 
\i the anchorage, steamb »a1 rafc hi I 

., u were used to slack I he ends of 
the strands to theii permanent position. 

\ more definite change was effe< ted, 
howevi !. foi the Manhattan Bi idg< 
where - hain falls w ere used to handle 
the strands on 'In tower tops, and 
hydraulic jacks used for pulling the 
strands .«t the an< hi n ■ ■. 

\ *iill more ml* ani ed method was 
used foi the I leorge w ashington Bi idg< 
Here the tower top lifting was done I 
an electric i run 1 . I he anchorage turn- 
ing point lifting was done by u hydraulit 
j.i. k and the anchorage pulling done 
bj anothei hydraulii jack. The lifting 
has always been done k«\ using the 
balan< e beam method 

Tramways and Footbridges 

Mi*- erect* >n and design of tramways 
and footbridges have been importanl 
fa< toi s in the speeding up of il»" spin 
oing process and other operations on 
the cables 

On the Brooklyn Bridge one length 
of 'j-in tramwa) rope w;is laid out 
along the river bottom and oyei the 
towers and then hoisted into the air. 
On thi^ rope another similar rope was 
taken over and connected to the Srst 

h \ form an nidh'NS t r ; * i ■ i w : i > \ I ' \ -in. 

r«»|H- \,\,i^ i.ikm across on tin- tramway 



Thereaftei the I ( in n >pe -■ i \ ed as •• 
i arrier cable foi -ill othei n pes taken 

ai ros^ |in the tramwa} 

I he footbridge ropes foi I hi W illi.nn 
burg Bi idge were laid out i liree at a 
(inn- mi the river bed from -i barge 
wit li the ends taken to tin- anchorage 
across rollei on the tower tops Pull- 
ing in ai one an< borage brought the 
rope clear of the water, and to the 
desired sag in the spans. 

The same pnx edure was used in 
era ting i he footbridge n ipes for the 
Manhal tan Bi idge exi ept thai four 
ropes « ere laid out at i »ne t imi 

Latei ;» slightl) different pro< edure 
\v.i^ developed. I he ropes w ere laid 
• >ut along ill" ii\«-i bed as before, but 
n<>t .i. ross Hi" towers. M the towei 
i he ropes wen 1 pi- U.<| .nnl |>l.i< ■ <l ... ru 
towei top suppoi i- l'\ derricks on these 
tower ti >ps. 

I p to iln time of the Geoi VS ish- 
ington Bridge era lion, footbridge ropes 
were i ontinuous an< horagc to anchor- 
md i he adjustment was made at the 
anchoi ige Ea< h * ieorg< U ashington 
Bridge footbridge rop< was separated 
into threi pari s, one main span length 
and one length fi »i each of the side spans. 
\ll adjustment was made on the tower 
I . x means of the links connecting the 
main and ade span lengths. 

1 1.< Brooklyn Bridge tramwaj - were 
supported bj bent at fivi point - othi i 
tii. in the towei a I his « ondition was 
ih, same foi the W illiamsburg Bridgi 
Nine bents support.-.! tin* Manhattan 
tramwa) The spacing of these bent 9 
>n;is about 100 feet foi both Brooklyn 
and ^ illiamsbui - and 250 feet for 
Manhattan I oi the George Washington 
Bridge, the spacing was 216 feet. 

Previous to tin George Washington 
Bridge, footbridges, tramwa) bent and 
cross bridges were of timber. For the 
George Washington Bridge these por- 
tions of ill" spinning oi|iiipmorii were of 






steel. Mi*- flooring for the footbridge 
tions and cross- bridges were, of 
i ourse, timber. 

I bi the Grsl time, the footbridgi - 
tions of the I leorgc \\ ashington Bridge 
w n « ere* i ' «l as a complete 3» Lion I rom 
trollej carriages on the footbridge ropes 

Till' t oiilrul of I uri'i'l i ii •_■ .1 Factor 

I p to thi George Washington Bridge, 
the '■ • Is ol bridge w ire were turned bj 
th< ["ill on i he vn Ire from the w heel tak- 
ing tin Loop a< n - ui-l manual braking 
n .1- used to < obtain, as neai as possible, 
uniform unreeling On the George Wash- 
ington Bridgi the w ire reels were un- 
it • ) and also braked b> powej with 
variable and pra< I u * II \ instantaneous 
i ■ >ntr< »l I 'In i ise or fall ol •• weighted 
sheave riding on .» loop of the wire 
■ oming off the reel, indii ated to the 
unreeling operator in whal manner the 
nn ire v\ as keeping pa< i with the spinning 
vi hi i md allow ed him to - ontrol the 
unreeling I accoi dingl) 

f i ribing .1 bridj able it is 
usually referred to as containing 

Is of •■ 1 1 rtain number ol 
win - laid parallel In p tsition, and the 
cable so man) feet Ion I his suggests 
thai then ar< tuall) ¥ parate lengths 
of win laid in this Uel formation, 
wf« rea in realil > there are onlj two 
ends i-h finished strand W hen 

the w ,ii . rid as it leaves 



the reelfl the end is fastened to the 
beginning of the wire from ;■ new reel, 
l>> it little coupling. The general prao 
t ji -■ has been to i u1 a * re* I bread on 
the two wire ends and secure them with 
;i coupling wind] i^ supplied with a 
righl and left thread. This has effected 
a connection of approximate!) 95* J of 
the wire strength, and it has nol been 
an unusual occurence for these couplings 
to become unscrewed <^ the wire releases 
its nal ural twist in the spinning pro* e 
In consequence of which ;■ great deal of 
i ime i- losl in this operation. 

I berefore, \\ iili the I reoi ge W ashii 
ton Bridge a coupling of spei iaJ desi 
and material was usrd, in which the two 
win • mis were held b) compression, 
d< \ eloping -• o >nnection of approxi- 
mately 100* i of the wire strength. The 
coming apart was the unusual occurence 
I In- little coupling has hem an import- 
ant fa< toi in the 'speeding-up" of the 
spinning process '/ iso Roebling Idea 

Xo, this is not .ill that can l>«' said 
about these several steps or the man) 
othci less important steps that have 
i ombined to speed- up* 1 I he spinning 
ol the man) types of wires required 
in bridge cables. I bus, we bring thi 
stoi \ i" an abrupt end n iih the reali 
ation thai w hile v\ e h.n < nut cm ered 
everj minute detail, we have touched 
Ihe high points in this important phase 

modern suspension bridge building 
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The George Wa 

IN the fall of L927 the formal ground 
breaking for tit*- I • <■. »rge \\ ash- 

iniM«*n Rridire claimed the all. ii 
ti"ii <»l the reading public and th< 
particulai attention of the popular 
who were most benefited l>> this new 
1 1 iili< ( Mm eniem e 

hi the full of L931 , jusl fi mi yeai - 
I.H' i the bridp' has Utohh an accom- 
plished fa< i. and < »< tobei 21th, marked 
the opening of this new traffic con- 
necting link between New ^ ork and 
New Jersey \- an interesting note of 
progress in suspension bridge building, 
lei us think of these four years in com- 
parison with the thirteen years as the 
building time for the Brooklyn Bridge. 

1 1 1 some people this new bridge is 
the Fort Lee Bridge; and to a much 
larger number it will always !»•- the 

Hudson Mi\tT Mrid-rr, hut officially it 

is the George Washington Bridge 

This bridge crosses the Hudson River 
■i i Fort Washington Point b<t wr.-n 
178th and 179th Streets, New York and 
! >ri Lee, Mew Jersey 

I he completion of ilii> structure was 



shington Bridge 

in epoch-making achievement in engi 
neering and « - msti in tion. Particular 
emphasis ^ placed on this accomplish- 
ment \n hen ii i- realized that during t he 

Brsl toil \ \. ar> all. r tin opening "I 
thr Brooklyn IWid-r in I .ml tin- 

Delaware River Bridge in 1926, the 
increase in main-span length was onlj 
12 per cent., whereas, in the short 
period of time to 1931- t i -v • - years — 
i be ( reorge w ashington Bi idge i ea< hes 
I >00 feel in no rease "I" Iimi per cent. 

In designing the bridge, provision w i 
made so thai the i apacil \ can be in- 
i reased as the traffic grow 3. I he bi idge 
i* now open to traffii and has two _*;;- 
foot-9 in' 1 1 roadways and two sidewalks, 
I ach roadwaj accommi dates threi 
lanes of traffii and with the liberal 
width of each lane 9 feel 7 inches — 
high-speed travel i^ permitted There 
i- another roadway, *ti» feel <» im hes in 
width |»ro\idinjj three additional lanes 
i hi) can ^till be a unpleted t« • ai i om- 
modate increased i raffic I In u |»f »«t 
deck carries all <>t these roadways and 
the two sidewalks. The bridge capach \ 
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V#u Jermay % utOM opertrtl r«» traffic <n% o* '••'•' ' J 'if i. FctVt *l ony t picture* give* a battat 
"'"i «/ r/.« enormity <•/ * /.,■ en win* •. tring feat it - length <i* compared «• it/i /'ir- other 

Bridget i ft fiii« /»!• fur**, tiini <i* r«#rn/>*ir**</ iiiffi //ri width i>l Manhattan l*lnmt. Jf 
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i an I- Furthei in< reased as required, b} 
the construction of the lower deck with 
.mJiIi of ii' aj Ij LOO feet. The instal- 
lation of eithei eight r.*ipi«I-transil 
ti a i, 01 a « om- 
binatii m of four 
rap id-transil 
it i. ks and Otie 
.. dwaj foi 
trucks and bus- 
is possible 
this lo^i er 
deck. 

I be towers, 
cables and sus- 
pender rope s 
o instituting the 
main suppoi ting 
members of 1 1 a * - bridge were originally 
constructed l^r the full capacity i >l the 
lui'L The increased capacil > . as 
noted abo> i I herefore, can l><" installed 
i required, w ii houl intei fering w i( h 
the genera] traffic. Thai the designing 
igineei - fully appi • • iated the ti end 
toward hcavici vehiculai travel ;ii high 
I. i- . -\ iden< ed in a i ross sei Lion 
%\ ml\ ni the roadways. 

I he massn e prop »i 1 1* >ns and i ;|1 rj ing 
. apacil j of 1 bis bridge can be best 
realized, h> b comparison w ith the 
Delaware River Bridge at Philadelphia, 
w In- h toda> is carrj ing a * ehicular 
traffic Far in excess ol anj bridge now in 
The suspended load of 1 1 1 # - 



Fig $ and S. types oj Spinning Whoal* uamd 

'"■f iiicn rrr' "fi»»n «/ *'■«• Hrf<i. i\ ft and 



itesl bridge of all is 50 p«t «vnt. 
ater pa lineal fool of the brid 
than the Delaware River Bridge, i. e., 
39,000 ll>-. pa lineoi fool foi the < Seori 
Washington Bridge and 26 t 000 lbs R i 
the Delaware River Bridge. 

Consider for a moment whal this 
means: .• "><» pa cent, greater load | 
linear fool N\i»li 100 per cent, 
and longer span It is not surpi 
therefore, thai the required strength of 
ilu- cables foi the * ieorge \N ashington 
Bridge i- three times greatei than th 
foi the Delaware Rivei Bridge 360.000 
tons strength of \\u- first, and 120,000 
tons foi the set ond, 1 1 ■ • - cable weight 
being I l greater than the smaller bridge 
This data - learly indicates the magni- 
tude of 1 1 1 * - engineering achievement 

represented in 
tin* building i i 
the < • «* '» r g e 
Washingto a 
Bridg •* -( I" < 
longest suspen- 
sion bridge ia 
the world. The 

const r ii r I ion 

problem bow- 

«-\ er, was i >ne < »l 
r\ en greater 
magnitude, tax- 
ing the -Will of 
the engineers i<» (li»- maximum. I In** 
was especially true "I" the cable con- 
struction whirh r.'<|uirr.l il»«- creation 
of new high standards and the appli- 
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cation of scienl ific 
.1 M 'I in'-* hanical 
in \ est igal ion s 
resulting in im- 
l*t"\ ''il met hods 
and equipment 
that assured grea 
i.r safe! >. effii i 
em j and •*< onorn) 

tli. in i'vrr Im l.irr 

a pproach ed i d 
similar work. 
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the creation 
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I he cable con- 

>h Ui tlOn for the i,k ' 7 Cownpai tin* on* 

George Washington I * r i ■ I l: « • was Roeb 
ling's particulaj responsibilil \ In I he 
design and i • insti ui tii >n i -\ suspension 
bridges and bridge i ables, unintei 
rupted since 1849, John \. Roebling 
and lii^ successors have originate l 
and perfected many feature-i essential 
to the sue* ess and safe! \. of the I •< u ge 
Washington Bridge cable work among 
them being the following: 

1. Mi*' usr i>f wjrv spinning w heels 

2. I he aerial cable spinning process. 
.1 I ramwaj s for cabl< w iri spinning. 
I The use i »f ere tion foot bridges, 
.">. \ new typeof wire spinning \n heel 

■ni»l wheel i an iage, eliminating the goose 
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neck tli.ii limited 
spinning speed. 

6. Empn >ved 
— , tramwa , uppoi I 

* \ mil- sheaves. 

7. Erection of 
i« m .i In idgi I .v 

tramwa ) carriaj 

Ere* tion of 
footbridges from 
tnidspan i • ^ tow< rs 
n i r 1 1 in. reas< d 

""" w "'" s * ""'''- piditj .....I safetj 

9 ^ Ire mi sh flooi ing i<>i ei e< tion 
footbridges. 

10. Se< tional fa >tbridg< i Jbles. 

1 1- Storm s) stem independent i •( 
foot bi Idge 

12. Suspended compression booms in 
storm sj stem. 

13. Preliminai j str< sing of <i- 
bridge i ables and tramwa ) ropes. 

1 1. \ utomatic counterweight adjust- 
ment l"i storm -\ stem 

I > Maintenance of uniform i able 
wire tension l»\ counterweight during 
stringiii 



I 8. //,. 

if rapped 
* ioole ready 

fin /ihm/i ../ 

pc/nt. 
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16. Instantaneous central control of 
.,11 vi ire spinning i m i al ions 

17. Power-driven and power-braked 
ible n ire reels. 

u; Powa adjustment of cable win 

19 Stringing cable wires on strand 

in \ ei tii al planes. 
2i i able wire splices oJ practii all} 
LOO per cent, efficiency 
21. Measuring *usp< ndei ropes undei 

tension 
22 i « i prelirain 

final 
m ^h speed high tension cable 
v\ rappii 

Eliminating th< Grsl I in fi atures of 
thi Hi- following L9 ivere th ul1 

ientific and mei tianical 
igation in the 1 1 ries of the 




Roebling Compan) and were developed 
r 0J i a ble ere tion erf the George Wash- 
ington Bridge. 

, > , i _- 1 1 . . « 1 1 > the ai tual date for ilie 
completion of the bridge was a mo* 
oi less opi d date during the summer 
I 1932, I he speed of construction bj 
the several contractors, however, in- 
, luding i able erei <i'"». w<» ii.i\ ;*n« ^< 1 the 
WO rk thai the opening date was l»r*>u^ 
forward to the fall ol 1931. 

Thr c-alile contract called for thi 
> m pletion of one se1 of two i ables to 
be finished b) December I, 1930, & 
il M i the erei tion of steel suspender 
i »pes i • .till 1 be commenced The second 
set ol two cables to I"- completed one 
,, ai [atei Do embed I. 193 L How- 
ler, through improvements developed 
b) the Roebling Company, it was pos- 
sible i«» complete all 
, ables readj for th 
lion of Hi'- steel 
suspender sti u< turc oo 
Oi tobej 2», 1930 Thus 
vs, see thai il»«- Orel 
<ri ol cables was finish- 
ed ovei one i ith 

ahead <l the i onti 
and .ii il'"' sami I im« 
the second si I was 
i ompletod L3 months 
ahead of o mtracl tin 

II we te\ i (, « s tabu- 
lation erf the varioui 
tors entering into 
Buepi nsi o ii I" id 
building from thi 
Brook!) ii Bi id ■• Lo Lhi 
i ,, . \\ ashington 

Bridge, ii will be quite 

idenl thai 1 1 
with which the sp 
niru oi i ables ha b 

.11 < M||||.|l^||fi| ' .III IN' 

/ , A . 'I 4 .,1,1. It'll'" 

/,!.,. ,.,.,.!.> •$ 

it.,, | Bpmn* 
aahons 
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t \< m . iv The Robinson typo t»\ 

i ,ii,i,-\i rapping W«w '■*'-. 

considered the one big advance in the 
building of parallel - wire suspension 
bridges. 

The entire group of features listed 
had an Importanl bearing "ii the speed 
with which all opera- 
tions of cable erecl ion 
were accomplished,one 
Muni of them can be 
checked .i^ ha^ ing .i 
direct bearing: on tin 
one big achievement — 
speed in cable spin- 
ning. 

The speed w itfa which 

ables have been -pun 
has more than doubled 
the r«'< ord made on the 
Brooklyn Bridge I he 
spinning wheel i arried 
the i -il >lf w ires for i he 
Brooklyn Bridge al th 
speed of 130 feel a min- 
ute; on the W illiams- 
burg Bridge (In- spree 1 
vras in. reased to LOO , 
with tli.- Manhattan 
Bridge .i further in- 
crease to 160; and with 

Fig. II. Th, Rombiing 
t-*i>< ,>f Coblo-Wrapping 

t/<i. Iiitttt, 
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the George Washington Bridge .i speed 
of ~uu feel was Mi«' n i ■ »rd I In- import- 
an< e of this achievemenl can !»•' besl 
appra iated when we realize that the 
Brooklyn Bridge cables contained 21,432 
wires with -i total cable length <>i 1578 
feel from ancfo irage to an< hoi age and 
the George Washington Bridge cables 
with i» total of 105,896 wires measuring 
-"> - 1 - feel each. In the four illustrations, 
Figs I i > and 6 page 26 are shown 
i lit- se\ eral i ypes of spinning wheels 
\* hi. h have been in use i • »mmen< ing 
with the Brooklyn Brid I i I I he 
pinning w heel for the Brook!) n Brid 
was ;i light wooden structure with a 
/in. arm and a n ei ti< al metal goose neck 
t min.' « arried i he w heel I he l> m ei 
end of the frame was weighted to 
pre^ ent i w erl ui Ding b) the \\ ind. 

I p to the i inn "I the * Jeoi ge W ash- 
ington Bridge the goose-neck frame 
\%.»- used to two legs of tli*' frame in 




:w 




I J f Close up -Gable Wrapping 



the shape of the legs of a triangle, which 

i Knitted the use of the w heel in bol h 

i In ei tions. * onsl ru< tion - >1 the w heel 

also remained of li^lit w I with the 

r 1 1 * 1 . 1 1 .it m. Iiuf l< »r the ' • «■ >rge W -i-li 

in. ton I e the -■ aeck frame was 



replaced l»\ the shea^ e assembly. (Fig 6 
page 26.) The half-sheaves flared down- 
ward to give clearance to the spinning 
wheel as ii passes these supports. Hie 
sheaves al the top were brought close 
enough together to support the hauling 




fig. II lh< Finlmhmd Cablms with r/,. wrapping «* ./.< /. «- thm ffcifi »#• a »#- 
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ires Oared down- 
to the spini 
supports. The 
e brought i 
-.rt the ha . 
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rope and Far enough ;t|»,tri to alkw pa 

<•! the vertical hangers on the 
spinning-wheel frame. The frame which 
hung directly below the rope was of 
iu« tin. J steel and triangular in shape, 
i irrying the wheel ;ii ili<- ape* The 
wheel itself consist n I <>| ;i cast si. . I 
hub and two sides of pressed steel 
bolted together to form spokes and 
i mi 

Maple \\<»"l v\.i- used for the tread 
»t tin rim. On the Brooklyn Bridge 
it ii of i \v« » endless w ire n »(>•' tram 
ways, i ai r> ing two spinning wheels 
took wire over for two of the four 
• ables. I he w ires were taken over 
from the Brooklyn side onl) so thai 
the wheels returned emptj to thai side. 

< In the \\ illiam&burg Bridge one 
tramway, and two wheels, served two 
-I the foui cables; bul wires wen 
' iken "s er from both sides and no 
w hot l ran empl j 

I or the Manhattan Bridgi . and on 
bridges since that time, the tramway 
with two win. -Is served one cable, and 
« ire was spun from both sides. 

1 1"- meant Mutt on the Brookl) n 
Bridge onl> one strand for eai b i able 
was spun at one time, and on the 
Williamsburg Bridge, onlj two strands 
loi one cable were spun -it one time. 
I 01 i he Manhattan Bridge, and run 
tinuing since, four strands pei i able 
were spun simultaneous!) 

Spinning, compressing and wrapping 
maj !><• considered the major Geld 

perations in bridge i able era tion, and 
h hile spinning, as noted above, repre 
sents the operation in m In- h the 

test i omparative speed-gain l> 
been made, i ompressing, or compacting 

l ig :. page 27 has kept stride with 
•I"' iih reasing demands in cables i >f 

reatei diameter with the consequent 
greater weight "I" * ir. 

Wrapping, however, on the George 
Washington Bridge, not ..nJ> nIu>w> an 



increase in the speed of applii ation, 
but .1 \r\ \ much improved app< iran< e 
in the finished result I bis third field 
operation see Pigs 8 9 II. 12, l I 
on the < leoi ge \\ ashington Bi idge a 
• •ii all wire suspension bi idges, followed 
after ili< bridge i ibles were compai ted 
and the dead toad ol the bridge road 
l"*<l strui iin- eti , suspended there 
Fn 'in then the i ables were read) for 
wrapping 

I his operation i onsisted ol applying 
a i losel) wound spiral ol ih tnized 
soft annealed wir< around each i ibl 
from anchorage to am horagi \\ hen 
the m ipping was in plai e, the outside 
surfa ■! the ■ ables were given thi 
<-"iii- of paint "!«• h'M\ v i. d lead i oal . 
and two of aluminum The wrapping 
wire, together with its paint, pro idi 
;i water-tight shielding R u e u Ii i ible 
I he wrapping wire wa applied n ith a 
nrw high-speed, high tension ' ype of 
wrapping machine designed bj thecablt 
contract »rs and used foi the Gi i time 
with greal su< 1 1 ss on this bridge 
i i- ii I he high speed attained bj 
the wrapping machines w i- made pos 
sible l»\ (irsl reeling oi spooling the 
wrapping wire around thi i able i> sell 
I p to ilii- i ime it has Inch , i tmmon 
prai tii e t< i spool the w rapping w ire 
on -mill 3pools w ln« Ii are mounted on 
the w rapping machines, revi >l v ing on 
their indh [dual axles, and then rotating 
about tin- main cables .»> shown in 



I igs 9 and II 

\ tud) i if the two wrapping mai hines 
i»> illustrated b) I igs 10 and 1 1 will 
give ;» pretl j cieaj idea • ■! the tw. . 

methods, and the reason for the in 
i 1 1 ased : peed in i able-w rapping w hit Ii 
bi iget hei w iili the i »ther two operation 
spinning and compai ting -makes the 
erect ion of the ( !e» '!-'<• \\ ashington 
l.i idge i ables an outstanding a« hie* e- 
menl in bridge buildim 



on a 



i/»i 
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Wire Screening as Part of Footbridge 



A\ indication of the Increasing use 
of wire screening wo^ en « ire 
cloth- -in various types of con- 
Btnn tii m work i^ found in the aeeom- 
panying illustrations <■! the footbridges 



3. Reduced possibility »>l accident — 
which in tin- e\ ent of the spaces 
being l«ii open, because of t In- first 

tWO items, WOUld ha\r Ihtii ;i 

serious cause of accident. 



|fc , b,kb<*rd 




Fig, I Footbridge Showing I »< 

If iti'tt-fttllli /il fr 

used in the cable ere tion of the re< entlj 

- impleted < .■ >i ..■ w ashington Bridj 

I wo footbridges were strung \>>\ eaeh 
of the two el "I cable , from towei to 
tower and from bowei to am horagc 

i qi ii fool i'i idge, ol teelt onstruction, 
i ii i ied tin i -i m \\\\^ of wood planking 
and undei the < ables, i w i mon walks <>i 
woven wire i loth. \\ hile nol primarily 

■ v*.dk-, the s< i • • ning in. i 
i be >i i • ■ lilable f< -i su« h a purpose as 

indii ated in Fig. i . and al ' hi ame 
tune i>n>\ idi I 

1 . Rcdui '-I weight, 

2. Ii ed « ind n istaoci 



of i -ill \ iijiiztit Wire c tnth brt mm 
g ii h// 1 . ii «i> n 

I Reduction in excessfc e «>r addi- 
tional weight due to storm or rain. 

Reduced Gre hazard. 

6. Provided easy handling .m.i erect 
ing. 

7. Vtt>\ ided an easj and quick surfa< e 

drain. n 

I In use of wire screening on various 
!>[h -^ of industrial, as well as construe- 

'i-Ti laidu'^ and M-nllolds, lor one <>r 

more of the $e\ en reasons noted abo\ e, 
finds increasing favor among engineers 
.ind i -i mtractors. 

I he i in. mesh wire i loth (Fig 5 wa 
fi mumI to be particular!) pracl ical for the 




Fig. 2. t f t , si,..,, showing th. 4 . ,,. ml Dmtmtt ../ Fig. i 

wmmm rtr* .,-.. **m 5. it KteM j. umtng ..-,.- noting, .„. R- i 
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k of this Footbridge as illustrated, bu1 
ening of even larger mesh i^ pro* ided 
similar purposes, 

I hese bridges as Krsl ei • ■< ted were 
supported on cables as indicated i »n eai h 




I "i l/ll'Wl artHnl riSfl W l»( tilth- 

ueod i»r the KickboanU 
mi Footbridge 

li ol I ig. I. \\ ben the main i ables 
were strung, smaller footbridge cables 
became the suspender ropes for ili«' main 
structure, as is indicated in Fig. 3 and 
ili- luiii l>rnl^« - were then suspended 
hi in the main cables. Fig. '{ also shows 
the partial removal of the wire cloth foi 
placing of the suspender ropes and 




/,* .;. "Jem » GolvarUmmd Wiro i loth, 
I in. »i«-Wi. n:<- /.'- In', ,,, diameter 
wire actual nee need between 
it ood'plonkin g footwalkt 

illustrates the applicability of this pro- 
duct in construction w* n k I be 5pa< i 
originall) occupied l»\ these suspender 
ropes, .i- footbi idg< - ables ;■- shov d in 
I ig. 2. and indicated by the lettei * B" 
wrere protected \»\ thekickboard made of 
I in. mesh wire netting as illustrated in 
I igs. .! and I. 
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Manufacturing High-Modulus Footbridge 
Ropes for Fort Lee - Hudson 

River Bridge 

Modulus of Klasti<it\ of 6x37 Rope lm-n a>ed from 12.000.000 

to 18,000,000 Pounds IVr Square huh bj Pres trussing to 125 

for Main Cables of (.rami" Mere and Si. Johns Bridges Per 

Cent of W orking Mnss — Phmmss applied Uso lo Strands 

Bt C. C. Si LAND 

Chief] ■ Bridges, John A. Roebling is Co., in, N. I 

Reprinted from Enoinebbimo Nkws-Record, M aj l. 1930 



Prolrrssing What, W h\ and Hom ? 

The prestressing of Wire Elopes and I ables is strictly a Roebting Idea and 
development and was Brsl pu1 into practical use in connection with the foot- 
bridge cables foi the George Washington Bridge at thai timeknownas th« 
Hudson Hi\ er Bridge 

\\« cannot better describe the what, wh) and how of prestressing than to 
reprinl here an article prepared !»\ \li I * Sunderland, Chief Engineei oJ 

u Bridge Department and published in Engineering Vw- Record, VIa\ L, 
L930, 




\K of the First Problems con- 
fronting the cable-spinning 
•utnietor mi iIk- 3,500-ft. 
I orl Lee-Hudson River suspension 
bridge was the design of suitable foot- 
bridges from which the four 36-in. 
diameter cables of the bridge could 
I"- spun \<> ropes ^<> Long as would 
be required i«> support these walks 
had ever been built for such exacting 
servi • It was particularly import 
ant thai i he ropes havi a uniform 
modulus of elasticity and dial iJiis 
modulus be as high as possible. Rope 
making machines are I mill on the 
principle that manufacture must I" 
done under considerable tension so 
that the wires will !>*• closely com- 
pacted, but no machine available 
would make these 2%-in. diameter 
ropes so thai they would enmpaet 



under ■« working l".»<l of Uhmhiu ||,s. 
Therefi »re. ii v\,i necessary to stretch 
these ropes aftei fabi ical ion, to I »acU 
in exi e ol the maximum working 
h»ad. in order b i eliminate erratic i >\ 
excessh e sags. I he equipment ne< 
.rsNiiry for tlii^ presto ing i^ de- 
scribed in this art icle. Some idea i >l 
the magnitude "I the operation ma) 
l>«- obtained from the fact 1 1 ■ . * t 
L85.000 ft., or 2,682.500 lbs., of rope 
were manufactured for these foot- 
bridge cables. I his weight of wire 
is Miilii ient to consti u< i the main 
-ililcs for a 1,200-ft. span highway 
bridge w iili a K)-ft.-w ide concrete 
n m'I\\.i\ I 'lir -in -i rsvi til <|r\ elop 

men! of this process "I multiple 
stressing i- one of the most important 
a<l\ ances made in the suspension- 
bridge Geld in many years. Ureadj 
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this same equipment has been utilized 
to manufai ture rope strands for the 
'UMii. span Grand 1 Mere bridge in 
Quebee ami for the l,207-ft. span St. 
Julius Iiri*lir<'a1 Portland,! Jregon. It is 
interesting to aote thai do footbridge 
i ables are i equired foi these lasl t wo 
structures, and thai this method of 
construction ■> possibleonl) b) * irtue 
of tin- development work occasioned 
l, s the design of the footbridge cables 
on the Hudson River bridge 

— Editor. 

A\\ im R( >|'I is a ver> elastic 
5txui ' '!"' I (,r example, in i'^ 
manufai lured state, << well-con- 
structed wir< rope, with an independenl 
\miv rope - enter, has a modulus of elas- 
ticity qoI much in excess of 12.000,000 
when Qrst strew«l. ..^ - mupared with 
a modulus oi elastic it j foi the indn idual 
inres of between 25,000,000 and 27,000,- 
000. Foi -- m ral use this high elastic- 
ity i> desirable, sum e il tends to dissipal 
.,, idden impai i load Uthough it 
i- unusual foi a ne* rope to fail, e\ en 
unda impact loads thai i .il. illations 
shorn to be in excess of the ull imate rope 
strength, ropes have failed under identi- 
,1 loads aftei ha\ ing been in servi e foi 
,K a f< n raontl Investigal ions of 

d failures gen* i til \ show that the 
wires in ill*' strands and the strands 
themselves bavi been w» >rked into close 
. ..hi.., i m sei vice, redui ing ili«- spi in 
ness ol i he constrw ' ion and resulting 

in .in in- ) I fii' -lulu- < »| elflLSti il \ 

\\ hen win *• >pes >i ■ used for lift 
bri I ountei weight i ables, susp osion 
bridgi ' abh s, suspendei ropes and fool 
bridge ables on I uspension bridges 

when urate lengths and definite and 
uniform elastii properties .<i< of major 
imp 'i i am i n i- oecessai v to fabric ate 
the ropes with high tension and i" 
sure, in order to approach more nearl) 
the working tension •»! the rope in ser- 
\i< i Proper n i.« i ■ > j I - >• turing tension 
id pi i «uri together with accurately 
l« i j l.i t •*« I wire siz«*s, will i«n<l in assure 



uniformity of 1 1 * < ■ elastic properties, but 
even these careful methods were nol 

sufficient In produce rope to meet the 

exacting requirement * IW the foot- 
bridge cables of the Fori Lee-Huds 
River bridge. 




Fig. I V«i Jmrmmy Touwr of Hudson RUtor 
Bridgm Showing Pootbruigm* 

\i. 1( ,, | ,i,i. ipinainf in pi o g r—a I rmmeii i 

v for 200-ton traveling crane 

M-.-.i to Lift completed itimndv mi" *a<MU** 

The t«" footbridges of this structure 
supported l»\ 3<5, % (§-in. ropes in 
four groups of nine ropes each. Vs ■ 
usual in suspension bridge construction 
these ropes are later t<» be cu1 up and 
used as permanent suspenders \l 
though il>" most powerful and largesl 
rope making machine in this country 
was used to manufacture these rop 
it was nol possible to procure sufficl 
tension and pressure during the fabric 
tion, i" ■ orreepond to the irorking ten- 

,, of ih« rope in Bervioe- It 
therefore oecessai j to subject the rope 
to additional stretching after the) wen 
manufactured. 

\\ ben ;i rope is Brs1 Bubjei ted b 
working tension it^ elongation consist! 
of both im elastic and s structure 
stretch. The elastic stretch i- tl 
portion of the elongation thai shows ful 
elastic reooverj upon release ««t to 
I 'in- structural stretch is (he i longatioj 



37 







t*ofHud*-r\ I 

c-w Tnnt* 

rnvt t j cnar| 

*fc into «*W1«. 

■ 

erful 

1 
tberopa 




1 • 



"R 






? * 



'- ' 








- - . 






. . 




Jf_ 




= 
^ 




fc 
* 



U 



* 
- 



38 

*i, i mil afa - the u 

»< I, foi pven tension, tod 

do I show lull i rj upon rciea 
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I ,i horizontal sliru\<>. H ft in diametei 

Uong each aide of the track and 8 Fl 

iui i ar«* 9-in. w iclo-in >uth shea> cs se1 

25-ft intervals; these sheaA ea suppoi I 

the rope being stressed. The stressing 

equipment .it the west end consists of 

two 150-ton hydraulic pulling jacks 

l ig, 2 set n ft- on centers, symmetrical 

about the center line <»l the brack. 

Tin sr larks lniNr a ram Mrokr <<| ."» ' £ H . 

ami op rati- under 8 maximum pressure 
of 6,000 lbs. pei aq. in- The outer end 
the ram is carried by a crosshead type 
of carriage and through this head, above 
itxl below the ram, Eure i\%" >■ rew rods. 

The nxN, which serve ^ a -it. i \ de- 
vice when tension i^ being held on the 
strand l<»r a long period of time, ari 
fastened to ;• yoke wlii<li encompasses 
the barrel of the ja< k and \\ hich als< i 
bears against tlu* head «>(' tin- jack. 
Passing through the sides ol the cross- 
head ami the yoke are i w< i sti ucturaJ 
steel bars l\5t in., having '--in. holes 
spaced ." ft. on centei s Bj pinning 
these bars to the y< >ke and rem< w ing 
the pins in the • n — head, tin- load 
is held by the yoke until the ram is 
run out, «»r in, for a new hold. In \ his 
wa\ a total movement of -<> ft . on i >n< 
1 1- Is and 25 It on ill*' other \- possible 
Attached i<> die -nl- l».u- .»!' \\w north 




Rf. / H«w gnd Building of the Prestr< tin 

I ayout 

In chis building, mcaaui da and socketing 

: raulic \mcka U i w bi< 

near the door •■( 'In- 
building, 

jack In ;i hydraulic gripper which holds 
iti>- unsockct'd finl <»f tin rope during 
the period of stressing; on the bars ol 
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the south jack there is ■> spe< iallj de- 
signed receptacle for the socketed end* 

For iln k snrki'tint: op< i at ion t here is ■» 
vise mounted on ■> platform about I" Ft 
;il>o\ .- the ll"< 'i I i ading up V 1 1 he \ is< 
i- a guide with clamps attached, which 
ImliK the rope in >« straight line \ ertical 




/i_' i Hetuuring a Rope a/tmf Mu&tipU 

position, to assure that the socket w h< n 
put on, i n< .i skew ed wil h respect ti 1 1 he 
axis of the rope. Immediate!) in ba< k 
i >l and above the jacks, are two reeling 
machines, one i<» take a reel up to 6 ft. 

I in. diameter and the othei i<- take i 

I I el up i" 9 ft. I in. 

in gem rali the procedure involved in 
the prestressing and measui ing of i he 
i pe i^ as follows: I he reel of rope a 
re< eived from the fabrication shop, u 
mounted in one of the reeling machim 
and the end pulled out and -<» keted. 
I his -■ tcketed end i^ put into th< re< ep- 
tacli it tai hed to the south jack, and a 
bight 1 1 rope put around the shea> e i >n 
the sheave car, which is now at the west 
end. The car is pulled out in the easl 
end .in* 1 1 onnected t< > the 300-ton testing 
ma< bine. I he • nd just coming "H the 
reel is put into the gripper and clamped. 

The socket on tin rope is set so that m s 
t,i. e i- correct Ij positi* wed w ith respe* I 
i<» .i pre* iousl) detei mined lii I he 
carriage is also set to a previously deter- 
mined position. The jack attached 
in the grippei is pulled in until the ten- 
sion in the strand, as ro orded bj the 
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weighing mechanism al the east end, is 
equal to the measuring tension Then, 
l.\ means of the testing machine al the 
easl end, the tension i^ brought up to 
ilir value a1 which it i^ to be held for .1 
given length of time- This tension is 
held h\ taking up on the 300-ton testing 
machine i" compensate for the elastic 
ami structural stretch of the rope under 
load 

\i the end of the given time the cai 
riage is lei back to ii^ correct position 
and the tens* >n brought up to the meds- 
uring > alue bj means of the gripper jack 
,ii ihr we$>\ end. The tension is then 
dropped well below 1 be measuring value, 
h> slacking off on the testing machine 
.uid immediately bringing it hack to 
|m >sition. The tension is again corrected 
to the measuring value bj the grippei 
jack, and the slacking off on the carria 
i^ rep< ftted I his procedure is followed 
until the tension in the rope is correct, 

uid is necessary in order to equalize the 

tension in the 1 ope al l» it h jacks al t be 
west end. The difference in tension at 
thiv end de\ el ips From the friction in 
the rollers on each side * I tin- truck, l»> 
which the two parts of rope are support- 
ed at 25-ft- inters als. 

\\ ith the carriage al the east end and 
the socket al the west end, properly 
I- »sition< -I and the tension a1 the cor- 
rect value, the strand i- read\ t«. be 
measured The measuring tension is 
80,oou lbs., ih previously noted and the 
.*!() mpes for the main span have calcul- 
ated lengths from 1,556 ft. 2 in. to 3,557 
ft- 6 , in For the New Jersey and 
\rw York aide spans, respectively, the 
figures arc :;>« h y in. to T.V) h ln^ i n . 

and 8 I'M"?. ',, in to820 fl 5% in. 

r J 1 1 • differences in lengths of cables arc 
plotted "ii ;i pair o\ rope & al< - jo thai 
when the scalee are placed fa*, t<> face 

the 1 i' nding marks will coincide. 
Each scale is then fastened to a hatter 
board, one board on each side of the 

liii. k and outside of t lie rope position, at 
a point previously determined from an 



accurate survey The distance, then. 
from the socket position, En the south 
jack, running east bo the carriage 
around the carriage shea^ <•. then west to 
the marking station where rope cables 
are mounted, is the length of the rope 
at the predetermined tension and the 
specified normal temperature 

In order to correct for temperatures 
different from the specified normal. 
temperature scales are graduated so 
thai the distance between di\ isions 
represents l he change in rope length 

per I deg. change in temperature. This 
scale is mounted on top <•!' the rope scale 
with the normal temperature line coin- 
ciding with the line on the rope scale 
corresponding to the rope hein*: meas- 
ured The /<*ro marks on the temper- 
ature scales arc toward the east, and the 
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Fig. e» Strmtm-Strairt Diagram «»/ a Foot" 

Bridge RofM ln'h>ri- an«i after the Multiple 

Streaming 

graduations are marked in degrees so 
that, with the temperature scales set for 

the proper rope number, the marking 

line is set al the pre\ ailing temperal ure, 
as recorded .it each end "I 1 he layouf l»\ 

precision thermouielei 

\ counterweigh ted line is stretched 
across the rope between hatter hoards 
.iikI the rope is marked at the line This 
mark represents the face of the socket, 
so the length of rope to be allowed for 

socketing is marked off from this line 

and the rope cut ;it the second mark. 
The piece oj rope hciween the markim: 
position and the gripper is the test 
sample 

When the rope is marked the tension 
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is dropped to zero, the carriage cul loose 
from the testing machine and the socket 
removed from the south jack, rhis 
socketed end is immediate!) [mi onto 
ilic reel and ih«' reeling "I the rope car- 
ried on while 1 1 * * - rope is cut at the mark 
and the socket attached. The rope 
number is stenciled on each socket, as 
well ;t- on the reel, thus gi> ing complete 
identification before and after the rope 
is r<niM\ ed In >m the reel. 

Uong the eastern half of the layout 
,iu(l on I he sou thorn side of the track 
there are two building about lo «»r 7ii) 
I! away from the track. I hiring most 
of the year, and especially during the 
months of November to Vpril, when t li»* 

sun is in the south, shadows an' cast on 
theropi b) these buildings. It is quite 
obvious then that tin 1 part of the rope 

in the shadow will have a temperature 
appreciably bekra the sun temperature 
In fact, measurements of this di Her ence 
in temperature have shown as much as 
I "» deg I during the winter months and 
2n l«. 2."i i|i'«. F. in the summer months. 

In addition to this a difference in 
temperature was found to exist bet ween 
the top side of the rope, exposed to the 
sun, and the under side, which was out 
ol the sun. It is readih appre. iated thai 
it is pracl ically impossible to work out •> 
temperat ure correction to length for the 
1 1 o i \ e conditions thai would be act ur- 
ate Therefore it was necessary U ■ make 
the measurements before sunrise, and • 
it required the remainder of thai daj t<» 
30cket and reel the rope and prepare the 
uexl rope for prestressing, it permitted 
the rope to remain under the prest n 
ing tension of 200,000 lbs. for aboul ten 
hours during the night. I his long per- 
iod ol prestressing was an advantage in 
this particular case, for it assured uni- 
lorniitN of elastic stretch beyond the 
L60,000 lbs. tension and accomplished 
practically the same result asifthepre- 
Itressiny tension had been 250.000 lbs. 
for a short period of time. 

I he irillueiM-e of prestressing is shown 
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h> the stress-strain diagram of this rope 
(Fig <> before and after prestressing. 

Ill-' limitation of t he manufacturing 
tension is quite <-\ ident, 

Tests 

The Porl of New Vork Auth- 
ority's specification for suspender rope 
required that two test pieces he taken 

from .-iich Set There were performed 

in all 2~ straighl tension and elongation 
tests and 27 tests with two parts uf rope 
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bent o\ er a sheave l'21-in. radius to the 
.enter line of rope The typical stress- 
strain diagrams in Fig. 7 shoi* the uni- 
i.ii inii\ of I he prestressed rope. I hree 
oi these ropes show ,1 modulus of elas 
ticit) of 17,966,000 and the fourth, 
of 17,804,000 between BO.ooo-lbs. and 
I6O.000 lbs stress. 

The a\ 1 modulus 1 A elast icil ) for 

the 27 test- of prestressed rope was 
18,001,400 lbs per sq. in. The average 
ultimate strength of the rope, based on 
27 tests, was 780,000 lbs , the highest 
value being 797,000 lbs. and the lowest 
734,000 lbs, W ith the exception of this 
one low value, the maximum variation 
from the a^era^e strength was I 1,000 

lbs helow and 17.000 lbs. above. 

Based on the 21 tests of the rope 
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around a sheave of 12-in, diameter, an 
average strength of 1,335,800 lbs. was 
secured, or «:>.<> pa cent of the strength 
of the two parts of rope. 

The calculations for the unloaded de- 
flection of footbridge cables were based 
on the average modulus of elasticil j ol 
i;; 000,000, .m*l the cables were erected 
and adjusted to the calculated unloaded 
deflection. The loaded cable curve was 
ind prai Licall) to conform to »li«* re 
quired defle< tion, and aftei a period of 
\w e months undei 'In- loading, the ropes 
have maintained tli« i ir original loaded 
d< flei tion, indi a1 ing t bat the prestress- 
ing has n moved the structural set with- 
in iii, rin.T i>f the working tensions. 

1 1, In galvanized ropes are 

;" ( i msti \n \u in w it It -in independent 
wir< n ipe center, Ihis i enta n >p< being 
equipped with a strand center, I he 
entire cros l ion being metallic. Con- 
sidering that this cross-section is com- 
posed 1 4 283 wriri \ ai j ing in diameter 
from 0.065 to 0, L95 in., i' will be appre- 
ited that the uniformity ol physii 
iperl ies secured indu ate hot \\ i are 
i, in fabii ation. 

w e feel, however, that the prestressing 
must constitute the pn <>l major 

nefit, '"( this big quantity of the 
largest diameter i ever used for 
pender ropes, sho* s greatei unifoi tn 
if) ol physical properties, higher effic- 
ien 'i' >n and higher effi< 

ienc> when bent over a sheave, than any 
similar n ipes within our experieni i 

i he most i e» ent use \ 4 i 1 ■ ■ — prestress- 
ing equipment has been in thi manufai 

tur< i n >pe strands i"! i he < .il>l< -^ of the 

N t . J in |\ »rt land, I hregon, a 

with a L20? n main span. 

hi l i Ik m ii ill- Im'im in mI effect 



of multiple sin asing on *>w >f th« 
I J g-in. strands, thi< particular one 
being the iirst experimental strand 
manufactured. 
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hi*. H ih, Bffmei *>f Multiple Scrffufn* >>" 

an f '</" i " "i. i, ifi/ f : .-i/». Strand/or t9n- Main 

Gb6Im <</ t/u 5*. Johiu Bridge 

The structural stretch, being confined 
i.. wire placement instead <>l the com- 
plex wire placement and strand seating 
i i i he n >pc construction, results in ;» 
more uniform!] changing curve on firal 
stressing. Due to this advantage, the 
I -i rand will, <»f course, shon 
a in i jcIi higher modulus of elasticil j 
i ban i be i"i»*' const ruction. ^ it l> i> 
pei fabricating machine! ad pre- 
stressing the strand, a strand modulus 
i -I elasti it v can I pial to 88 

per cent i »l the wire modulus. 

The work above described i> i »i * r t 
the contract of the John V. Roeblin 
Sons ( ompen) for the furnishing and 

1 1 ion * >f the w ire cal I t i Ii*- I ludu 
River bridge, rmw being built by the 
Port ^f* Men ^ «»rk ^uthoi it j 
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The Rope- Strand Suspension Bridge at 

Grand" Mere, Quebec 

Structure of 949-Ft- Main Span i> Longest of Type Ifel It nil t 
Cable Ropes Cul to Length and Socketed in Sim 
Unusual Erection on In* of St. Maurice River 

Bi 1> B Stexnmam 
I . suiting i '■• n York City 

Reprinted from ! nginsbrino Skws-Record, Novemb* 1 1929 



THE in'\\ lii.'liu .i\ toll suspension 
bridge «»\ er tin- St. Mauri* i River 
a1 I JrantT Mw, ' >uel»ee, with a 
main span of 9 l ( ' ft. is belie\ ed to be the 
lir^t large suspension bridge in Canada 
and the longest rope-strand cable bridgi 
in tin world. \ Dumber of other novel 
features - harai terize both the design 
and the erection of the structure 

The use of rope-strand cables is uni- 
que in a structure of such long span. In 
addition i< i this, a special bridge floor i if 
laminated redwood covered with an 
asphalt wearing surface is used; the end 
bearings of the stiffening trusses ari 
>" seated directly on the main pier 
inside the mi.hu tower lrj»s; and flal 
plates instead i <l ej ebai s ar< used in the 
anchorages. 

Steel iinil riiblv erection was I om- 
menced and completed in i he wintei 
'a ison, the freezing of the riva go> • i a 
ing the chi At e of erection methods 
In spite of the rigors of the northern 
i limate, ne* erection speed records 
n ere established. 

\ demand foi a bridge at this point 
was foreseen I»> tin- management of <* 
I-" al paper mill, the Laurentide < lom- 
pany, when in L913 it began ■< hydro- 
- 1* • trii development below 1 1 ■ * - present 
bridge site, wliii li would raise the water 
level of the river about "."> li Because 
of this depth "I w.ilrr arid the ^<»|t 

nature of the riverbed, it was decided 



i hat a suspension bridge would !"■ most 
pra< tit able, and in ordei to avoid addi- 
tional expense later, the main piei 

were built ,ii th.it time foi i bridge « illi 
fixed-base towa 

Also in order t<» fa< ilitate the passing 

of pulpw I logs t«» its papei mill, the 

Laurentide I i >mpanj const] u< ted in 
L917 the approach (pan of 155 ft. 
between the west pier of the main 
bridge and the w est bank of the ri\ ei 
In 1027 the ri»N authorities decided 
i" go ahead with the completion of 
the bi idge and design^ wen- nude 
and bids submitted on ;■ cantilever 
sti u' tin.- with concrete roadway foi two 
lines "I 20-ton trucks. The lowest bids 
obtained were considerably in excess ol 
5500,OOO f and this project finally was 
abandoned in favor of the present de- 



sign. 



Iln ( .r.md ' VIere bridge i- i stiffened 
suspension structure with straight bai It- 
stays. It^ principal dimensions and de- 
tail^ ;ire diown in I i- _\ page II \n 
18— Fl roadway is provided, consisting •>! 
laminated redwood with ;> normal thii k- 
ness "l 6 in . laid v\ ■ 1 1 1 ' >-in. crown and 
< overed with I' \ in. «>t asphalt. Side 
walks "M either side consist i <i 25 j in. 
■ re »-'»i'd in. i • w ered w tth a brush 1 1 >a1 
of hot asphalt and >\ sprinkling <>l fine- 
screened gravel. Die stiffening trusses 
were shipped in two-panel lengths, 21 ft. 
I in, long. \ half-through section wa* 
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adopted, with the under side <»l the top 
i bord far enough above the sidewalk to 
leave the * iew of the river unobstructed. 

Tin- end-bearings of the stiffening 
trusses, designed to permit expansion 
while resisting possible uplift, are seated 
directly on tin* tops <»l the main piers 
Mir expansion bearing consists of a 6-in. 
square pin, with ends turned t<» r> ;i 4 -in. 
diameter, sliding between lubricated 
phosphor bronze bushings in a rectang- 
ular slol in the casl -steel bearing pedes- 
tal. Medium-carbon s1 eel i^ used 
through nil i he struct ure. 

Design Loudinir 

The floor system i- designed foi 
i standard loading of two lines of 
15-ton trucks. Tii' i ahit ^ and the 
stiffening trusses are proportioned foi 
a loading of 60 lbs. pei sq. ft cover- 
ing tli«' entire roadway and 12 lb 
per sq, ft. covering 1 1 » * • sidewalks, in 
ordance with the spa ified I -80 
loading <<i the Canadian Engineering 
Standards \ssoriatiun. In addition, 
tli*' structure is proportioned to with- 
stand i wind load of 35 and 25 lbs. pa 
s<(. It. (in unloaded and loaded spans 
respecth ely, and temperature stresses 
lor a range of 80 deg. F. From a normal 
temperature of in dey. I The i ables 
are designed lor a total dead load of 
2,430 ll»s and a specified live load of 
1,152 lbs. per linear foot of bridge. 

Cables and Su spenders 

Each of the two main i ables con- 
tains ;?7 galvanized steel strands l'j 

in. in diameter. . -nli -Irand made 
up of 35 acid open-hearth steel wires 
follows: center wire, 0.192 in. diam- 
eter, followed l»> six wires 0.182 in. 
diameter, six wires <>.U8 in. diameter, 
m\ wires 0- 1 ( >7 in. diameter and sixteen 
win-s 0.195 in. diameter The total 
swtional area i^ 0.9559 sq. in. and the 
wreighl per fool i> 3.38 lbs. 

W hen ili«' strands were measured 
under sped lied tension (20,000 Bbs.) |,,r 



cutting i«» length, the^ were marked at 
calculated points corresponding to tower 

- - titers and span centei I wo strands 
fur ea< I. . able also were marked al the 
• able hand « enters, these marks to sei vt 
.i- guides in placing the bands Special 
sockets were placed on the strands l»< 
foi - shipment 

rhe specified tolerance in length vari- 
ation was r 2 in., and variations in length 
were adjusted l»\ pla< ing shims in front 
■ il the so« kel bearing The appli ation 
ol the mi thod of using galvanized bridge 
strands cut t<> a specified length when 
measured under tension, in connection 
a ith .i spe< ial design i >i anchoi ig< 
assembly, was developed b> the John 
\ Roebling's Sons < « impan^ I renton, 
New Jersej 

I be minimum ultimate strength foi 
each strand w as spe< ilied ai liui.uuo II 
and showed 199,000 lbs, in tests- The 
minimum guaranteed modulus i »l i la 
ticitj foi ili«- strands was specified at 
21,000,000 lbs. pei sq in,; teste yielded 
values exceeding 25,000,000 and the 
design computations were based on a 
modulus of 24,000,000. 

The I ' i in diametei galvanized steel 
suspender ropes are made up -»i -i\ 
strands of se> en wires each placed 
around an independent wire rope center. 
Each of the strands has a center wire 
1 39 in. in diameter sui n tunded l»> 
sia wires ,( L37 in. in diameter, rhe 
independent wire rope i entei has a 

- entei strand composed of seven wires of 
0.056-in. diametei Mirnumded 1 >> si\ 
outer strands eai h consisting of a centei 

\\ i r . • 0.05 I in. in diameter and >i\ <»ul i I 

v\ ires 0.051 in. in diameter. 

Main I om era 

The main towers are of the ro< ker 
type, each tower leg being made up 
of two 30-in. rolled beams connected 
with double lacing and tie plates 
and stiffened with transverse dia 
phxagms The tower sections were 
completed ii^M-inbied in tii** shop, the 
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bolefi foi field connections reamed to 
metal templets and the connecting parts 
match-marked before shipment to the 
britljrr ^it <-. The towers were erected 
leaning about IK in. toward the anchor- 
ages. 

Anchorage* and Strand Assembly 

The < ables are anchored into the solid 
rock on each side of the river U\ a 
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Bridge 

I ra "i plati s ■ onnected to steel gril- 

es embedded in i on< n i« I ben 

500 cu. yd* of < oni w te in ea< h anchor- 

■ lu u ol the exterioi concrete 

housing pla< ed ftftei the cables and span 

>mpleted I • u additional secur- 

1 1 "t< rete in each an< borage i> 

ani bored »«» bedrock with twent) 24n, 
bolted steel dowel pods, 20 ft. long 

Va shown in I ig i. m 28xJ£-in. 
plates i onnei i the ^ -point "I the ;m- 

sU « I to the ant hoi grill 
M the ^ -point e 9 in. pin bolda a nest 

ven irertii al anchor (dates, I i 
thu k and 6 it I in bnj inforced 

with two ' riii pin plat the Gve uu 



plates are IH i i » - wide and 1 1 * * - two outer 
plates are 36 in. wide. 




fi*. I Floor oj ' omJ/Ml »■«/ Redwood Previous 

tO /'/fin/ii! fftpfkafl M.o'i/ii,* <nrfat #-. 
(.riiinl' \frrf Itrulxc* 

The special bearing block st eel 
castings are secured between these 
anchor plates l>> means <»l sixteen 
l 7 , (( -in. diameter bolts; twehreof these 
in each assembly go through all seven 
anchor plates ( whereas the fourotha 
pass through onl) the li^ •■ wider 
plates. The bearing blocks between 
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the plates have bell-mouthed semi- 
circular grooves top and bottom l.< 
tween which the 1 3^ -in cable strands 
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are held l>\ the abutting st rand sockets 
I -shaped shims are plai ed between the 




Hg- ft Httfti - Si titrnl Co6l« In * i i.>n. t.rinnl' 

\f*r t - ftrnlite 

' »i" >n either - i place Remaining 

i len h< trace on ice En 
■ ng ik'-' i hi i strand 

m | borage and Lif1 il to th« - iddli 

■ - m the toi the towera 

sockets .ind tin* bearing blocks foi "I- 
tment «»l strand lengths. 

I i« * i inn Mri bods 

Li- < tion of the < ii.hmI Mere bi idgi 
involved interesting methods, not only 
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i" • ause of the use oJ r< 'i** 1 strand 
i ablea but also be< ause <»t the extra- 
'►nlin.iiA rlimuiic riMiciitJons prevalent 
during the period of erection. Prac- 
ii< .tIN ill of the in. i jor < onstrui tion 
operations were carried on during No- 
vember, I >■'• embei Januai ) and Feb- 
ru ii ) \\ hile in man) respi 1 1 s the 
w eathei retarded progress of the work, 
in othei waj - ii expedited the ere< tion, 
Fi 'i the fri i zing ol I he river with a 2 1 to 
10 in. layei ol ice, was the go> erning 
ractor in tin , hoice of i able and ti uss 
• 'I ectii .ii mel hi >ds 

The main tow ei - - -l the In idge w bi e 
shipped to the m!<- almost entirely di 
mantled, so thai the heav i< ^t piece, the 
poi tal -ii lit. weighed onlj "i tons I hi 
lightness ol the members permitted the 
ii-'- "i i lighl i reeper traveler, or jump- 
ing i - > * k ■ i insisting essentially of t steel 
ginpole guyed to a steel frame which 
wras hoisted up the towej as the erection 
pro-riv^'d I bree jumps <>i i he i \ i\ - 
eler were na i sai ^ to complete th< 
erection including ' I"' placing i •' the 
- ist-steel saddli The towei a of the 
rockei t j pe, had i<» be tied to t he piei s 
during const] \n I ion, and as the tower 
grew in height further stability wa 
i sured by i In* use ol I imbei sti ul s and 
w ire rope guj 

Uln'ii completely erected, tin* towers 




* \TF3Z;* 



lit. 7 lifting the Stiffening Tmsaes into Position 

i he tniM -tr-ri in tm>- panel lengths delivered on sleigh* from railroad j ards to la I in bridge, Falls 
ittacl "i di ii suspender points hoisted the trues sections into place 
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were leant d back tin- the trctical amount 
required !>>> the unloaded cable <al< illa- 
tions, and the lir-*i two strands, one in 
.,i«li » ;il'l>-. w i-rr hoisted into place, ad- 
justed to marks on the tower saddles 
and their positions checked with the 
transit 

Theoretii ailj the 37 strands in each 
cable were of 30 diffei enl lengths. Foi 
cutting purposes the strands were modi- 
fied so as to make .< smallei Dumber of 
different lengths. Each strand, about 
L,680 f(. long, was shipped on a reel 
which «;i^ placed in a frame at the wesl 
end of ill** bi idge, Vs the strand was 
unreele I. the free end was hauled a< ross 
the ic* by a line from an ele* trii w m» l> 

ited a1 i be east anchoragi i be 
strands: being kept fre* of the ice b) 

oden li >i ab »u1 6 ft. high spaced 
about 10 H ipart. 



placing the cable hand- and suspend* 
and finally painting the cables. 




fig, a * niitt • w rapping Machine In Operation 

on Grand* Mm ttrutge 

\ti«f the strands were thus laid 
out, tin ,, fastened to the 

an< h .mi. . Uons and the strands, 

one at a time, were then wire I to 
baJ ince I- am at i a L ton . i ami 
hoisted to theii position in the raddles 
b) set* rails hung from \ fran 

thi of th» towen I be first 

strand in eai h i able wa - the guide 

I. .ill of the others being ad justed 

»<> it M Mi. in. .in i abli there was 

BtTUDf in <li. inn I. r i .inirf . abli 

along whii b w. r< run thi and 

* hains used in adjusting the strands, 




Fig, 9 Connection **f /**»/>* Strand* i>> i/i- 

i Horwgt **ti'el 

The truss sections were shipped to 
the site in two-panel lengths, varying 
in weight from 7 t<. lu tons. Ea< h 
section was placed on -> sleigh at th< 
railroad yard and pulled bj horses on 
the ice t<> it^ proper position in ili< span. 
1 1 was then fastened t«. two sets <>l falls, 
banging from tin- cable, one near each 
('•-nil of suspender connection. I ach 
ol rails had an independent lead line 
running through a snatch block, which 
w a* fastened l»> ;i n ire rope loop to B 
deadman under the i< ■«■ to a double drum 
■ ngini k> ated at the main ton a II 
were »««. such layouts, permitting sym- 
metric ai truss ere tion from the cent i 

main span Inward the tOWi 

I ompletion <>| the erection followed 
usual methods. 

I able U rapping 

In order to Oil out the hexagonal 
tion of the assembly of 37 strands 
i"i" a i in ular iion. ^mental 

dwood strips, in. thick, w< 
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placed immediately in «hIn ance i •! 
the application •»! the wrapping wire. 
These redwood strips were soaked in 
iling linseed <>il before placing. The 
final cable wrapping consisted <>i a i on- 
tinuous serving of No ( » soft-annealed 
double galvanized steel \n i r*-_ Vfter 
wrapping, the cables, cable bands, sus- 
pender ropes and nil attachments were 
given one coal ol red-lead paint and two 
finish i oats ol lead paint tinted to ni.it. h 
ili.- li^'lit irrv.-n rolor ol* the structural 
steefa "rk 

Load Tests 

On \I..n I, 1929, the completed 
structure was subjected to ;i load- 
deflection tesl l»> phu'iii*; i\\<> trucks 
weighing 22 tons a! tnidspan. The 
i alculated deflection for this con- 
i entrated loading «... ; „, in. ;m«l tin* 
measured deflection \n i - 3! ,,, in. < are- 
lul measuxemenl taken in the earl} 
morning, when there was oo sun, showed 
the under sides of l"«ili top chords al 
midspan to be wil hin ! ii in ol eat h oth( i 
in elevation. 

Engineering and I onstruction 

rhe Grand' Mere bridge n is designed 
l'\ Robinson and Steinman, consulting 

| New ^ «»rk i it\ . and w.i- n»Q- 
-Imi. led iindei their dire tion. I he^ 



were retained with the approval of th< 
Province, the I lit) and the I aurentide 
1 ompany, l.\ Frasei Bra< e Ltd., of 
Montreal, whi h 1 1 »ncei n buill the 
bridge under -■ lump sum « ontracl I In 
work was subject to the official approval 
ol Ivan I \ dlee, i tiiel engineei ol the 
Department of Public Works ol the 
Province of Quebec, Canada. P L 
Pratley, ol Monsarrat & Pratley, i on- 
suiting engineers, Montreal represented 
the Citj Bind the Province in reviewing 
the design and c »nsti u< i ion I B. 
w ardle, chief engineer of th< I aurentide 
I ompany, was appointed supervising 
engineei of t i ■* • proj< i I and J. \. B< i 
nier, « ii \ ni.in;iger «»r < inmd 'Mere, was 
named as his assistant. I . « . < lox « as 
l<»< .il supei intendenl for I i asei -Bra< i 
Ltd., R Bobkra . \n Ii" prepared the 
i I- ■« tion sections <»l this uticle, was 
resident engineer for Robinson & Stein- 
man. 

I In* lump sum fee paid to I rasci 
Bra< e, Ltd., for the construi tion of the 

bi idge was 8375, I I he proje* i w 

iin.iiM ed l>\ the I it j b) means <»i" bonds 
guaranteed l»\ the Pro> in* ial go^ ei d 
ment, win* h also agreed i" be respon- 
sible l"i one-half <»£ t he annual deficit 
if anj . it h luding pro* i ion for sinkii . 
fund, the ( it j being n sponsible l"i i he 
balam e 
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Rope-Strand Cables Used in New Bridge 

at Portland, Oregon 

St. Johns Bridge, With a 1, 207 -Ft. Suspended Span over 

Willamette River, ><*i> Nen Record for Rope-Strand Cables 

— Extensive Architectural Studies Result in I se of 

I tuque Batter-Leg Towers in Which Pointed 

Arches Accentuate the Pleasing Appearance 

By D. B Stbcwiiajc 
Robinsoi nuult Vorfc City 

Reprints! I kgineering Kewa-Rbcord, I 



TATnTARI.E innovations in suspen- 

V< -v »n bridge pra< li< e ha^ e been 

-*- ^ incorporated in the design of the 

Si Johns bridge, i t\ ei the W illami it.- 

River at Portland, ' Oregon. w itb i 

main suspended span <>l 1,207 ft., it 

rep Ls iln 1 lon{ bridge upon 

which rope ^t r .* m I cables li ;•% e yel 

■ -I. and a1 ili<- same time it is 1 be 

longest suspension strw ture <>l an) 

1 1- w< ; I >• 'r< »it. An under* lear- 

ance of -""> ft. .»Im»\i navigable water, 

astitutes an additional record. 

I nusualfy unplete architectural 
studies accompanied ii- design The 
batterli g n a s presenting 
a pleasing appearand e bj \ irl ue "I the 
elimination oi tfa »m enl ional diagonal 
and the use i <i pi anted an li 
outlines aJ - 1 ind bel >n the roadvt a) 
arr features worth) ol not This same 
mol it ol pointed ar< h< - is - rtended t<. 
ill* main n d i«. the 

iti piers, w here the vaulted « •]>• 
ing in tli«- tallest of these piers exceeds 
a height ol 150 it I »uplii ation of truss 
span lengths In the approaches, com- 
bining tli** masoi i the an borages 

ith tip masom j of tin adja< enl ap- 
proa< h span | ad the use of a 

* iaJ ancb rage lay* ml in which silicon 
-I.-. I |.lat**x form the anchor chains, are 
othei features "I the structure 



The bridge was built by Mult- 
nomah < ounty to span tin- Willamette 
Rivei between two sections of Portland 
— the S1 Johns district on the easl bank 
and the Linnton district on the west 
bank. s < \ <•!! bridge* now span the 
Willamette at Portland; the St. Johns 
bridge \- the most northerly cross 
and nearest the point where the rivei 
Qows into the Columbia River. The 
nen bridge affords a connection between 
tlif 1 ppei Columbia River Highway 
<-.i^i <»f Portland ami the Lower Co- 
lumbia River Highwaj from Portland 
i<» Vstoria 

Vlternative designs and estimates fot 

i aiiiilf\ . i and suspension designs, re- 

spe< I ivel) , at lour different locations 

were prepared. The comparative est- 
imates rv\ . -il.il ,i say in;: '.I |6 I". 11 

I»n using a suspension design at the 
adopted location, a saving which would 
mil tin capacity of the struct ure to 
be in i from three bo four lanes. 

In addition a large balance of the auth- 
orized appropriation would !><• left un- 
expended. I his suspension design s 
Snail) adopted. 

In the 81 Johns bridge, the dean 
-< ■ <n . .i beautiful public structure 

governii >nsideratioa I he sd< 
lion of the suspension t > i>* •. v\ i 1 1 1 its 
natural!) ful (able « urvrs, was the 
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lirst -i«j» in that direction. The <l<- 
relopmenl of tin- design <>l the high 
steel towers, i<> secure outlines in steel 
iii.ii would express the harmonious com 
bination of beaut) and strength! led to 
the adoption of pointed arches as the 
dominant motif! and this style of 
liitecture also was carried out in the 
d( i-M of ilit- tall reinfon ed i on< n l< 
oi ili*- \ iaducl approach. 

Special designs for the ornamental 
balustrades, the lighting standards and 
othei details were de\ eloped to hai 
roonizi with the main towei I detail 
"' the abul menl |>\ l< >ns and parapets, 



establish .1 aew mark in artistii bridge 
design. 

Principal I dimensions 

The main spanoi th< St Johns brid 
i lears the harbor lines with .» length 

l f 207 ft - enter » atej ol main pi i 

and i flanked b) two * p nded side 
i in " i« 1 10 m ; i n long I hi ible 
i- ,( ' ~ it oro tenth of the ipan 
In order to meet nai igation requii 
menl established bj thi porl ol Poi I 
land, Hi* 'mi. I. n l- aranci i OS ft 
' I" i 'Hi. i .i the main ipan 

ii" easl \ iadui ' 1 1 wsi il . of i wo 
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the viadm i piers, the massive main 
ind the am horages were modeled 

paci inl ' in ves and i outraging 

relii i of | ii< _'<.\ « i ning ' > le 

\ special attempt was made to de- 
velop • ... it mat* i ial in a mannej appro 
prialc i«i its ai i epted charai ti i 
It i^ aim erel> hoped bj the desi 

il the s « Johns Bridge, b} virtue 
•■I the subsl it ut i. »n "I bul tre* ed 1 1 ilumns 
and an bed outlines for the i om entional 
•iiiln irian \ brai ing, of the prai efulm 
and ' bythm "i it- approai li spans sup 
n .in an ade of « on< rete pi< i 
"i ascending height, and of the bar 
monious development of thi «r< hita ' 
ureJ features in an attempt i<» present 
■ pli ' ing and impressive \ ien of the 
structure from .ill possible angles, will 



Fig, t I h i a lion . Si Johns Brid 

1 80 fl f.Mi- fom Ml it tnd 

three 108 ft ip li In ili« « esl 
dui i then i - >n* 180 fl tpan and ' 

MS li span th total length 

..i thi bridge, fi m abul ment I 
mi ni 1 606 feel \ I -typi i <>i 
abutment i bit) in ij on 

(ill ■ Id 227 it ni"i e i" the length 
the i • -nil ui tit in I hi wesl abutment 
in irks the jum i ion with ' he w ip 
pr< ii li. vn in. h invi il ul l mil< 

i. lull road - on rd 

ingl) the work embi i 'i 1 n 

of I -I idge - onstrw tion and i,( fl 4 
api hi . » tion 



I ounda i ions 

IV linim.. ,| 

thi f< '"i difftTent li 

plated l«»r the proposed brid 

id. I- i>i- foi i f eliminai yd ad 

imparative cstim il \n.-r rd.- ^it*- 
was " I- ■• ' * d, Iiii.iI • oniirmati n . 

Im .nil.-- u . i . in i li .it the I 

■ t the pii 'I am li < >n I 

i .' \ ink the i" ii ing iled onlj 






layers of cla md, vrhich d 

sitatod a substructure desigi] irith 
spread footii tnd irith pile founda- 
tions under a number of piers, nn the 



-t bank tin- borings showed rode 
EL- II to — 23 for the west main pier, 
and rock under ' to 8 tt. of claj for the 
viaducl men. 
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Ucal 1*jc : r«ct ln*rt« km! ti«!t*r-lrrn m linj of duurnri&l hrarint eotnbi&ed «ith pointed arch 

i rtal .M i«i irr tj.-r ncuiahim f»ctor» in *rrhii*ri irmJ jfifn oi thfl Mdflfc 
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Ml piers arc of reinforced con* rete 
Hie east main pier has it -> foundation 

al I ~> {) . "ii « I piles .IriM'ii under 

rata Into hard sand. Ii contains 
17,000 i u yds. of reinforced concrete 
.iikI in order t<» reduce its weight, 72-in. 
wood stave pipes are placed vertically 

Hi the bod) Of the pirr so as h, |ra\r 

hallow «\ lindrical shafts- The « est 
inaia pier i- founded on rock at El, 25. 

rhe shafts of the viaduct piers are <>l 
tapering cruciform section, connected 
al the top with pointed art hes. These 
piers ascend in hcighl reaching EL t 160 
at piei No. L0, Ii is belie> ed thai this 
pier! 163 ft. from t<>|> !<• bottom anil 
i ontainin*! 3.700 cu. yds. oi i oncrete and 
150 tons "I reinfon ing steel, i> the lar- 
gest reinforced < i mi rete rigid-fi ame pier 
yel constructed. The piers are rein- 
forced with stnn tural steel frames sup- 
plemented h itli md reinforcement. 
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I ig, 4 Section** it/ Main Tower 

I he east anchorage is I 1 5 ft. Ion*:. ° I 
ft. wide and extends from EL 4- 12 to 
+ 82 It contains 13,000 cu. yds. of 
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concrete. In addition there are holloM 
chambers filled with sand, to prm ide 
a total weight of 30,000 tons \ step 
ped foundation on .1 spread footing is 
used with i»-d<stal i on< rete piles to pro 
vide additional horizontal and vertical 
[stance. U>out half of these piles 
are battered. 

I he wesl anchorage is in a tunnel cul 
from th< solid rock. It is surmounted 
l»\ an exterior strm ture supporting 
\ iaducl piers Nos. 1 1 and 15. 

I he anchorage steel is shown in I ig 7. 
pa --- V") Tlie anchor chains, connei ting 
to the anchor girders, are formed of 
plates oi silicon steel, with reinforcing 
pin-plates, as a substitute foi the usual 
eyi ba ostruction 

Main To were and Cable Bents 

The main towers comprising one of the 
unusual features ■ »f the sti u< ture, are of 
int'diiirn 1 .11 In >n steel, "I the semi- 
flexible 1 \ pe, fixed at the base, I ach 
tower 1 1 insists of two main \ ei I ii al 
columns, 52 ft. center to 1 ent< r, sup- 
plemented bj out side batter-le I he 
i Miniuii.il ion of \ ei 1 ii al legs for dim 1 
load « it 1 1 batter-legs for bracing, pro 
duces a highl) satisfying solution of 
the esthetic problem of tower design 
foi susp< nsion bi idgi The eff» ctive- 
ness of the pointed arches in the towers 
< »f the Mount I [ope bridge near Pkw i- 
den< e R. I . prompted the adoption 
.mm! further development of this motif 
in the design of the St. John- bridge, 
where similar arches are utilized both 
above and below the roadway as shown 
in I igs. I and 3. 

The tower legs are of cruciform si 
tion, with box divisions I he main 
Column section ta|i«i> from a width of 

L8 ft. at the base to 7 it I in under the 
saddles, with a constant breadth of I ft. 
I in The total height of the towers, 
including the finials, is 108.7 ft. above 
mean low water. 

Following the mathematical analysis 
of thr deflections and stresses in the 
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main towers, check teste were made on 
an elastic model, buill up sheets ol 
celluloid t<> represent the variations of 
i ross-sectiori and moments of inertia. 
Scale lopes wen* applied to repre- 
sent the simultaneous action of max- 
imum \ ertical and trans\ erse loads 
(in the tower, precision strain gauges 
Im-muk used to read the stresses. This 
work was done by the engineering staff 
r«»r the bridge under the supervision of 
Prof. George E. Beggs, in the engineer- 
ing lal>orator\ at Princeton I niversity. 



combination of loadings to which it 
mighl be subjected. 

The cable bents are of the rocket 

type, but an- provided with win;: plates 
at the base to hold them daring erection, 
these plates to be burned off aftei the 
cables are in [dace. I be connection 

betw ci'ii 1 1 if eable bent columns and 

the side span stiffening trusses is made 
l>\ means of 6-in. pins in lubricated 
bronze bushings. \ transverse truss 
in the cable bent supports the roller 
bearing for the 18o ft approach span 







Mom Sotfdie ond Sp.re 



Section 9-% 
Coble Sent Soadie 



Enlarged Section Mom Tower Soddle 



Fig. 6—Smddim D**miU for RopfStrmnd Gable Sumpmnmion Erid^m 

Koto uac of i B , w <jdle rfttbflff than depending upon frietfaX) 

linpirig of Cfttite in nndejlt 



Tin model test results were distinct!) 
reassuring, being in all cases lower than 

the <uiii | ni ted stresses ami si mills. The 

indii ated maximum transverse deflec- 
tion of the t<,wer top, referred to the 
scale of the actual stnn ture, was '!'• s in. 

•Vwiii ''."-lbs. wind load rilbkied with 

the effi i the resultant eccentricity 
of ilf in. i . it mini vertical reactions from 
cable and truss loads. Th^maximum 
indicated liber stress, after adding the 
computed from unbalanced cable 

pull, was u.iK ] t f oO0 lbs. per aq. in. 
Hie model teats showed that the lower 
was eerienuisly proportioned for an) 



and the center-line sliding bearing for 
the lateral truss of the *us|>en<le<l side 
span. 

Twisted Strand Cablet 

Following the successful application 
in L928 of twisted strands for the cables 
of the 949-fl span Grand 1 Mere bridge 
in Quebec (Engineering News Record, 
Nov. 111. 1929, p. 841), the spa ifications 

lor the sf . Johns bridge W\ ited bids on 

twisted-strand construction as an alter" 
native to the parallel wire cable design 
The two alternative bids of the John \. 
Roebling's Sons Companj were lower 



than an) other l»i<K received for the 
cables and showed a saving of $42,000 
b) adopting the twisted-strand design. 
Moreover, the proposal announced an 
expected saving of two months in the 
time erf completion of the bridge, this 
n ing of lime being made possible b> 
dispensing with the construction of 
footbridges and l>\ shortening the time 
required for cable stringing. 

I nili-r the specifications the success- 
ful bidder on the twisted-strand con- 
strue tion absorbs the cos! <>l the slighl 
strengthening of towers and anchorages 
to carrj the increased cable weighl and 
also assumes any extra cosl «»r modifi .1 
tion of details of saddles and anchorage 
conna tions. In the St. Johns bridge 
the required strengthening of the main 
sections of the towers and anchor chains 
amounted t<> less than 2 per cent. 
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adopted, there are { >l twisted strands of 
I ' j-\n. diameter, n ielding a metallic sei 
tional area of 121,64 sq. in. The specifi- 
cation requires the twisted-strand de- 
sign i«» match the parallel-wire design 
in guarantee! total ultimate strength, 
total yield point and total resistance 
to elongation These requirements are 
more than mel by the adopted 
design, which guarantees an ultimate 
strength per strand of L35 tons .1 \ ield 
point of 75 pel cent of the ultimate 
strength and .1 guaranteed modulus of 
elasticity of 22.ooo.ooo. Actual tests 
have shown .i breaking strengl h per 
Strand of |.>0 tons and a modulus of 
23. ono,000. 

'1 he 91 strands lead (Venn a bexag< »nal 

< able wliirli after ■ « • - * t ■ r 1 *r with red paste. 

is to be filled out to a cylindrical secti< m 
bj the addition of segmental fillers of 
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fig. 7- inChi>r<Mie- ^ti-4-l fttr /*«»/>.- Strarttl 1 <■'»/«* 

Silicon steel plate rliaitiH nre used in place of conventional eyelmrv 



I lie parallel wire design provided 
for each cable to consist of nine- 
t<-<-n strands of IHI No. 6 galvanized 
wires each, yielding a sectional ana of 
105.47 sq. in. The specified physical 
properties were 170,000 lb. yield point. 
225.000 lbs. ultimate strength and 27,- 
000,000 lbs. modulusof elasticity. The 

able diameter Was speeilied ax 12* ,in . 

but ill.- use of twisted-strand construc- 
tion increased tins to 16? 4 in. before 
wrapping, \n incidental advantage 

accruing from the inereasr in eable si/. 
•fas an impnA ed appearance of the 
bridge as a whole- In each eable as 



redwood soaked in boiled linseed oil. 

The outside wrapping will consist of 

\o. *> ^alvani/ed wire and three coats 
of paint. 

Main Cabh* SadilU-s 

< >ni- of the problems in t\\ isted- 
strand cable const rueiiun is the limita- 
tion of maximum lateral pressure Oil the 

strands, ;i s r«»r instance in the cable 
saddles where the bottom strands an 
subjected to ronrentrated vertical press- 
ure from the superimposed strands. It 
was ;it first proposed to places 30x4J^ 
in. curved steel slab horizontally a< ross 
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each mala saddle, dividing the cable 
and thus relieving the lower strands of 
the pressure from the strands above 
This construction was not ideal, how- 
ever, since the resulting vertical spread 
of the cables at the saddles was undesir- 
able because of adjustment and stress 
considers I ions. 

I o aid in -I solution of i he problem, 
k were made al the TrentOD plant of 
.lului \. Roebling's Sons < iompan) »<» 
determine the effect «»l transverse press- 
ure on i he ph) sical properl ies i >l the 
strands under tension. Previously | » ■ j i »- 
lished tests have shown that cable wires 
unaffected in strength and j ield 
point, l»> pressures "l 3 300 lb. per lineai 
inch of wire. The test performed foi 
the N ' Johns bridge showed that even 
highei pressures did uot ail e< i the phj - 
ical propei I ies <»f I « isted strands, 
although the> did produce v isible de- 

i mat ion of sectii m >>\ lli«' \\ ii<-^ in the 
outei layers. If was decided i<> limit 
ih«- maximum pressures i<> 3,300 ll> per 
lineaj inch This was • <■ i omplished I»\ 
i i arranging the strands in the saddle, so 
to have eight strands in the bottom 
ei instead i J -i\ and so ;■> to redu< e 
i he numbei «»l layers fin >m ele^ en to ten. 
In addition, the radius of the saddle 
curve was in< d slightly Vs a 

furthei pro aution, the strands <>l adja- 
cent horizontal la) ers were designed to 
have opposite lay, so as to obtain 

\ .ill- s contact rather than "crossing' 

hi. »ri between the contiguous wires. 

I hi i abli bent saddle i^ a departui e 

"i usual design in that an< borage 

for - b saddle i-> provided l>> !i^ e 

aiuriliai j ropes instead of b) !i iction 

• lamping of the cable strands in the 
Idli 

Strand taeembljL 

I !"• strand assembly detail Fig 7) 

the anchorage <■! the strands is 

similai to thai developed lor the I tamd' 

Mere bridge, except for the increase in 

lie from 57 to ''I strands Three tiers 



of three groups of parallel vertical plates 
receive tin* strands. I he groups in the 
bottom and top tiers anchor ten sir ;mds 
each. The middle group of the middle 
tier anchors seven strands, and the out- 
side groups anchor twelve strands each. 
The groups of plates are inclined to lace 
tin- splaj point of the cable, and each 
group is connected i<< it* anchor chain 
l>\ an 11 -in. pin, except the center group, 
where a tO-in. pin is used. The plates 
var> m thickness from I i<> 1 > in. 
a< cording to the number of strands held. 
The strand sockets bear against cast- 
steel blocks, which are held in place 
between the plates by two long 2^-in. 
steel rods going through each group. 

Si iffening Trusses and ^ iaducl 

Spans 

To provide for a 10-ft roadway and 
two all. sidewalks, 1 1 ■ < * stiffening trusses 
are spaced ~*'2 ft. center t<> center. V 
truss depth of one sixty-seventh of the 
main span, "i IK ft., and ;< panel length 
of I 1 ' ft. 3 in. arc utilized. The truss 
chords arc <>f silicon steel with a 15,000 
lb. yield point and an 80 95,000 lb. 
ultimate strength. Thej arc propor- 
tioned foi a working stress of 32,000 l!» 
per sq. in. The maximum working 
stresses in the medium-carbon steel 
members arc 26,000 II «. for the stiffening 
truss diagonals and IK.ooo ll»^. for the 
hangars, Qoor system and bracing. 

Onlj i wo different sections, two LS-in, 
channels of 35 and to ll»s. respectively, 
are used for the upper chord, the hea^ ier 
sect iota being required onlj from t he one- 
sixth i«» the five-twelfths point "l the 
main span. The lower chord sections 
also are two L5-in. channels, of 3Si l (| 
15, and 50 Hi weights respectively. 

The truss splices arc hid out foi 

Fabrication and erection of the trusses in 
two-panel units, M\ ] -> ft. long Expen- 
si< -n movemenl for the main and 
spans is provided bj supporting the 
spans «»n rocker posts at the main towers, 
as shown in li^'. 2, page 51, and these 
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ocker posts are covered l»> the end 
rackets extending under two truss 
lanela each side < >r each tower. The 
onnections >\\ the top and bottom <>i 
he rocker posts consist of 5-in. pins 

bron/r luishiiiL'N. pros ided with 
grease cup lubrical ion. 

The layout • <! the approach s i iducts 

planned for maximum duplication 

if span and panel lengths, together with 

pecial consideration t<> esthetic require- 

nents. It provides duplication of 

n.. I n-ii and m;; ii. spans, with 

russ depths of 18 ft. foi the two former 

pan lengths and 9 ft. for the L08-ft 

spans. VII panel lengths are 9 ft. 

1 hese \ iaducl trusses Eire deck type, JO 
Ft. center, the roadwaj and sidewalks 
being i antiievered oul i«< obtain the 
total i<< [uired \\ idt h <»l SO |'i , 

i ontracl Cost und Quantities 

i be work i-* di\ ided into se^ en con 
ts, which were (w-udfcl to thr 

pecth e lowest bidders as folio* s; 

- ibstructure: Gilpin 
< 'oostruction ( iompanj , 
Portland *l .u.N"..s<»7 <MI 

1 Fabrication and Ereo 
tion of Bridge Steel: 

\V ;i I I a c \> Hri'ltrr ami 

Struct unil Steel Co., 
3 attle 

Furnishing and Erection 
of CaU< - John \. 
Roebling'fl Soma I !om- 
pany, Trenton. N .1. 172,200.00 



267,603 to 



'.Ni.ll.VMI 



290,000.00 



i Mi.niio.nn 



::. t iMi.uM) 



i \\ es( Approach I a 

P o i n t e * Jonsl rucl ion 
Companj Portland 

5 Fabrication and Erec- 

•II "\ \ iadud Steel 
D S Srr.-I Product > 
Company, San Fran- 
cisco 

6 < kmcrete Deck: Lind- 

>truni und Feigenson, 
Portland 

7 Electrical Work: Na- 
tional Electrical Com- 
pany, Portland 

The total contract cosl wos 53,222, 
206.20, which was $572,000 below the 
estimate "I the engineers. I he author- 
ized bond Issue foi the bridge was 
%A 250 000 so thai allowing foi i \%\ ol 
i ight-of-waj , engineering and contin- 
gencies, it is estimated that m< ire than 
ball a millio i d >llai - of the appn ipria- 
1 i< >n \> ill remain un< cpended 

Personnel 

The St Johns bridge was designed b> 
!!• ibinson ;m<l Steinmao, consulting 
engineers, New \Tork City, and is being 
■ onstructed undei their dire I i< »n. w iili 
H. Bohh *\\ i- resident engine i The 
work is being done undei the authority 
.»r the board "I 1 1 >un1 > commissi* w ra "I 
Multnomah < lounty, < onsisl ing "I I I a . 
S \I<«i-< , hair man, Granl Pheglej and 
I red W. German. I he highway deparl 
menl «>l the count ) is represented l»\ 
<m'mi:c ^\ . Buck, count) roadmaster, 
and M E. Reed, counts bridge engineer. 
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Speedv Erection of Parallel-Strand Cable 

Bridge 

On Ohio River structure of l.OAO-ft. >pan at Mawille. k\. 

towers were erected in ei«:ht days and cables in nine da\ - 

11*1111: footbridges — Uumifium fillers transform 

hexagonal eable to a 13-in. cirrle for trapping 

Reprinted from EiraiKKBBUM New -Hi;, oko, January 14, : 



CHARACTERIZED bj several im- 
portant innovations ir. design and 
an unusual era uon speed, the 
new suspension bridge over the Ohio 
Rivei .11 Maysville, k,y . which was 
opened to traffic No> 25, 1931, assumes 
a place among the four long-span 
bridges oi parallel-strand type, built 
bum e the in.. nut, i. ture of bridge strands 
<»( high .in. I mi modulus of elasti- 

. its «raa I 1 "'" tedaboul thre 
'1 to elements of interest i enter 

"'" the ible make-up and anchorag 
details. era tion speed was un- 

usual, i- . | from examination -»f 

,f " statist* ■ the job wbi< h show that 
the towers ■ „,t ri\ . t.-d) 

'" ;: rod I 1 L > working days, respect- 
ively, and thai the cables were . d 

in run.' da) - < ,r> to pre\ R>US 

practice except for the bridge at 
Bucksport, Me., under construction 
imultaneoushj and even to general 
opinion concerning the e- onomi. g ,,f 
strand ; abl< tion, root-bridges wen 
used will, satisfaction and su 

-mII. bri | the 

,; " ■ ■ : puhlii toll strut lures 

being built bj the Kentucky state high- 

as «nmission to replai i man] old 

'' rr - ' ■■ ■ - i. Viaysville, 

K ith the viuaj Uxjcdren, Ohio 

I ties the highway systems ot the two 

''•'■ ' togethei This bridge has a main 

*»' witfa suspended sid. 

■P* 1 " - Mat girder ap- 

proa* bes provide a t.. the bridge at 



either end. Gravity amh - ar» 

used. 

The two towers are L6S ft. hig 
above the piers (225 It. above p. 
stage and each contains 350 tons oJ 
structural steal Both towers rest 
offshore piers sunk with «ir caissons 
dole i- made up of 61 pie-stressed 
\w isted strands laid parallel in the cable, 
giving .. finished diametei of 13 in. 
' able benta are utilized at each end "i 
the bridge to change the slope ol the 
cable and shorten the distance between 
anchorages. 

Stiffening trusses 11 ft. deep and 
_8 ft. ;i|,.n-t are suspended from l 3 4 -in. 
diameter suspender ropes and support 
a - ■ on rete slab roadway and one 
4 ft B in. sidewalk al about midpoint 
between the chords. The bridge pro- 
vides a !".-it ! l.-arance at tb i otef 
"I the river at highest high wat.-r. 

m the present time "innovations" in 
design of strand cable bridges mean <h 
parturei bom \>r.u tice used on the thn 
other Btructur. - of the type, th I hand* 
Mere bridge in Queba . the St Johi 
bridge in Portland, <> r , . and the rValdo- 
rlancock bridge at Bucksport M. in 

bis art* le only the s ' Johns bri If is 
is considered foi comparison, because it 
i- the largest and most notable and 
because the Grand'Mere bridge i- not 
a typical structure i*- most particulan 
the Waldo-Hancock bridge was under 

instruction simuitai isl) with th 
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bridge iii Mays\ ille and involves numer 
ous innovations on it- own account 
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«n« Hmymvitie, K> . a/i«/ i tllnie*- «»/ l/»#r» /•■»•**. 
1H\u>, i* #i fi i nifMirtant ntrtirt U ft- m Adi'ik /. > " | 
rurrrnl U>U bridg* buiU&ng /tritgram 

< hi tin- \lii>v\ ill.* bridge, the make-up 

of the hexagonal raid. 1 claims lirst im- 
portance. Instead of making .ill strands 

the same diameter as was dun*' at St. 
Johns, the strands Forming the corners 
..I th< h.-\.i^»n ar«- o.<M2 in. in diameter, 
while the remainder of the 55 strands 
are 1.556 in. in diameter. Such an ar- 
rangement provides the same steel area 
.i- if .ill the strands had been made 
uniformly I ' - in. in diameter and -it the 

ime lime reduces the over-all diameter 
"i the Bnished circulai cable, effecting a 

rving in wrapping costs a> wrll a> re- 
ducing the size and therefore the cosl of 
saddle castings and cable clamps. The 
modulus of the large and small strands 
i^ the same, since the lengths of the 
various wins measured along the helix 

do not \ar\ 

li is also .i fact thai in a hexagonal 

ibie made up of a number of equal 

diameter strands, the strands forming 

tin corners of the hexagon protrude to 

such an extent that segmental fillers ol 
considerable si/«- are required to till out 
the cable to a circular cross-section. 
I Eliminate these corners b) using smaller 
strands and much smaller fillers are 
required to Mil out the circle. This pos- 
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sibilitj of using small HUen had much 
to do wiili the decision to u..- two sizes 
of strands in the Maysvilk cables, for 
the engineers Mad prohibited the use of 
wood fillers, and aluminum Gllers cost- 
ing about three times as much as the 
wood fillers in the St. Johns cables, had 
been adopted. These aluminum idlers 
were in line with tin engineers desire 
to as. in,, maximum permanence in the 
- ahles Th,\ were installed in 24-ft. 
lengths ami their arrangement in the 

-allies l shown ill I *jg i, page 61, 

\\ the . aide hentS an a hr apt c hange 

in cable m. Im.iih.il occurs with the j* 
suit that the cable stress in the backstay 
is considerably largei than the adjacent 

stress in the side-span < abl< I m- 

pensate for this increased stress and to 
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Fig. 2 \ta\*ttll<- bridgm furnish** a 20-n 

fti/ch im n\ I'ttr tin- fJ/n«» Wii **r. 

prevent the cable bent saddle from slip- 
ping along the cable, a tier of four I ' g-in 
diameter strands was added to the bol 
torn of the cable between the cable bents 
;u\<\ the an* hoi ages It was not pra< 
ticable to utilize aluminum lor (Me large 
segmental fillers required to finish out 
iM. circle in this portion of the cable, 
and /inc castings, cored out for light- 
ness, were used as shown in Fig. I 

In the >t. Johns bridge these addi- 
tional hackst a \ strands were fastened 
to the sides of the cable bent saddles 

several inches below the holloiii strands 
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of tin- cable in the saddle groove-. V.sa 

result 1 1 u' added strands did uo1 became 

lit t<> the bottom strands of the 

cable for some distance from th«' -addle 





Fig. 3 — Floating lower-derrick erected h,,ii< 

bridgm totcert in wight daye, Including placing 

cable-erection equipment* n* thoum ni l.n 

The etcctrt* hoisting engine pieced on nn 

trigger platform tented an counterweight 

derrick boom {ebon Right Stool 

■•/.<•«/ direct from tuppfa i>nrmc. Vote 

riveting tcajfoidi whu h werg attached n* 

irp weetiont •*/ tOWet in f/i«- 'mi r*r brfare 

• t ion 

making wrapping in this se< 
tion impossible and requiring .» metal 
bood for weather protection. \i \\,w *. 
\ illr an ingenious design of saddle cast- 
ing \*;iv worked out Fig. I thai keeps 
the added strands tangent bo the main 



cable strands throughout their entire 
length, U rapping was applied right up 
to the casting, ;«- may be seen in Fig. 2, 
I'"-' .v>. Lead wool calking sealed the 




annular opening at the face of t he cast- 
ing, and do h< ""I was necessary 

\ change from the anchorage arrange- 
ment used -it St. Johns was also ef- 
Fe> ted a1 Maysville. Beyond the spl 
point it St. Johns, the strands of eai li 
cable were divided into nine parts 
terminating in nine sets of anchorage 
plates. \t Maysville a single set of 
plates is placed symmetrical!) about the 
center line of I he cables. This simplifii 
the splay arrangement and produces a 
more compacl anchorage, making po^ 
sible a reduction in the over-all width 
of the anchorage block. The strands an 
fastened in the anchorage plates bj 
steel end sockets that hear against cast- 
steel blocks bolted between the plat 

ist-steel sleeves attached to the 
strands in the shop, protect the strand 
where it passes between ibe bearing 

bin. kv | heSe SleeVeS are ea-s| witli ;m 

interior radius t<> accommodate lli«' ii»- 

i lination of tin- strand as if leaves the 
anchorage plates This assures against 
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tending or damage of Mm strand (see 
jg, i I be bearing blocks wen 
oachined square with the cable centei 
ine. 

I reel ion 

I hese design features, while im 
portant, are largely mal ters of detail 
li is in the ero tion procedure I hal 
oajoi departures from recently used 
methods are mosl prominenl fowei 



pla< ed I»n .« derrick boal with ■> L30 fl 

I in 

LOWer I rt i t ion 

[nasmu< b a b >tli towei u [o al 
in th( ii \ • i tli«- i . mill. tor eta ted t<> 
- i them « iili Ooatii [uipment 
I ii< ii I.. uI.i pre< luded the u ■ i I i 
tandard d< n ii k, and •■ spo ial den i< 
tower planl w i levelopecl I his er< 
tion tow* » i oi teel 200 fl high and 
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I « ni-t , ir f ,,i ,i r , . hoi 'i t « */« '•• »' i l/ayariJf< 

lir Uigi 

wen > i vt ted K> .i ll«wil m_ • !• 1 1 
towei I n il I ii Idges were used, sup- 
ported bj M" ' iaJ ropes and nol b) the 
iuspendei n ')•• as i> usual | > r . n • » i 

StilTi nin- ii ii . .Hi-i ll«M»r steel wen 




!,%!.!, ..,, k ii ,..,,..>, t .i a t i i, ,,, ,, ,> i ,, 

Mn \ > i iN , /..»</_- i u h iliou i tiooiri "' floating 
ili-rtni. §tttin$ ttiff*nin& trusn but alao fit 

■ ■•' k/..i -•» H »p..i' . 'i^« Vol* ,,,.«,,/ 

i r,i - *t •< a hi % hi lil t-,r<,. •!>*. #•/«*» 

/,4 i im iii i il ilmnioi poirfa pmrmittin -ml 

ni-i i -i thro I'Hih [pal pai wide 

b i I in.nl. UP of 'i U "fi lit 

I., i _i ill » _ < iii' I i two sti el 

ba * ' hei . i main *hal t 21 I 

I ian i nd th< rick inasl i -<■ i bo< 

w lu> h ,n ' nn tunted on top ol th< ma 

,i i I h. ma ' i i i ■ < iraid shap 
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extension of the main shaft and was in 
Fact used i- a cablewa> tower in con- 
structing the N< m Jerse) anchorage of 
the Hudson River bridge in New V»rk. 




hit. 6 — Erecting footbridge* hs gliding trams 
oj platform %oction* down rope* front lower 

I '"' boom of the derrick i- L25 li Ioj 
a b torn seal being provided on the i ento i 
li'"' of the lowei Guj lines attai bed to 
the com i ol the barges serve to bra* e 
the tower In addition, the threi drum 
L25 hp. elei trie hoisting engine that i- 



used, is set on an outrigger platform at 
the base «>I the tower to serve as a 
counterweight for the derrick boom. In 
assembling the erection tower, a derrii k 
boat placed the lower panels on the 
barges, while the remainder of tin- towa 
was erected bj a gin pole jumped up 
inside the tower. Two drums f (he 
hoisi wrere used for load and boom Lin 
I he third drum operated a line uu> from 
the top of the erection tower to the 
anchorage, tin- towei being maintained 
in a yerti< al position l»> manipulation 
oi I he guj line drum. 

VII erection equipment on the job n 
elo tricall) operated. Since electii 
power v\;iv Qot available on the i >l 
shore, a special submarine cable was 
laid from Vlaysville, k> . across tto 
river, i«. furnish current to the Oh 
ton er and anchorage. 
The bridge towers are of the usual 
iced-leg Gxed-base type Silicon sted 
i- used. Vbove the roadwaj the I. 
are braced l»> 2 1 . panels of K-bracing. 
\ horizontal strut i- used at the top ol 
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he tower, Hcluw the Roorbeam is one 

i. ill panel of Vbracing and a hori- 

sontal strut, T 1 > ft, above the top of ili«- 
pier. Kadi leg i^ cellular in cross-se 

lion, < . >n&isting "I' ;i • <nnparati\i*l\ wide 
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'<if. h iii constructing thv Waymville bridgm 

ifttiii- i fit- irmitiin\ rope to which rtrojftolfl uwrc 
eonnoecod through n /#/«»«- «#i#/ p«rnnonC-lin« 

' « »r r.-r |MM inrr tt'ti itl ittr Inner top hi a /(«. 

#»i 'idit, 4 i, ,r thmMPGM U 1 I Sfranoli which 

■ "• i i(/F/»»ffr»/ <l( fiir friiifr tOJM on /"'«r 
rolli-m irhite Iniiiu /im.1 /«-*/ UCTOMM thf rnr*r 

wmrm /*/*•■*! into thm *«'i«//«> by a * hum hm*f 

1*1% ami right. lit rigltf - Itaml DMU not* 

'"X'lf ami Ifft-ltiY mtra-Hfl* in adjacent /awrs. 
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centei i «H « iili narrow cells fronl and 
rear. Ere* tioc piei ea varied in length 
up !<• 16 it maximum and in weight up 
to 28 tons. 

Hi' I 'In" t< »u ei was ei '■' ted Hi st. 




Strcl came to the job in b u _■• i are- 
1 1 1 1 1 > loaded so thai no sorting on the 
job was necessary I In- milium !>;> • 
were sel l»^ ■ dei i ick I" >at. I hen with 
the den I k-tower planl lashed i<- the 
landward side of the pier, the steel sup- 
ply barge was anchored i<> the opposite 
side- I his pei mitted the ei ecti* m der- 
rick boom-line to be <li<>pp<-<i directly 
to iIh- steel barge and the steel to be 
lifted almost \ ei I i< - • 1 1 > into place In- 
asmuch as the derrick boom had onl) 
about a 10-fl sw ing, ii was possible to 
ereel only one leg and the brai ing from 
the Iii s1 position. The derrick tower 
was then dropped down 1 1 ■ * - river .iIm»uI 
jn ii ,m<l the second leg erected. \ll 
steel in the Ohio tower was plat ed in I ' > 
working days, after which •• stern-wheel 
steamboat moved the erection equip- 



1 



iiirni to the Kentuck> towei where the 
procedure was repeated, Willi the ex- 
perien< e gained in erecting the Ohio 
tower, it was possible for the erector 
to place i»ll of the steel in the Maysville 
tower in 3! _ tlays. 

\n interesting detail of tin* low er 
erection was the attaching of riveting 
aflblds i*' the towei legs before the) 
were hoisted from the barges. This 
made them immediately available for 
i li«- raising ^ml' ;i^ well ;i^ for riveters, 

Hid saved lime in ill. field, which was 

particularly advantageous, since rivet- 
ing was bj far the most time-consuming 
element of i he erection procedure. 

The contractor %\;^ well satisfied with 
i he use of the Q< tating den ick tower. 
\\ ork • ontinued in spite of .1 prol ra< ted 
period of high water, the onlj difficult j 
01 curring from driftwood that lodged 
againsl the barge and pier Inasmuch 
the barges were lashed i<> the piei 
this driftwood was removed w ith diffi 
cuity. On .1 similaj future job, the 

« ei derrick barges would probabl) 
be held in position bj anchor lines whii h 
will permil easi< 1 maneuverability . 

I out hrul^es 

I he engineei spa ifi ations foi the 
Vlaysville bridge required thai foot- 
bridges I., used when erecting the cable 
1 his is contrai > to previous practice on 
parallel strand 1 able bridges, but was 
belies ed ad\ is ible l»> the engineers, in 

1 ' to assure propel inspection, effi- 
I idjustment of the strands and 
satisl \ wrappin 

Suspendei ropes on this bridge wi re 

"I. • ut to length and so keted 

1,1 "" *hop and sent to the job read) 

l In- precluded the use of 
"" • J r ndei rop s foi footbridge ropes, 
1 ha n previous pra< Kce. Accord- 

ingly, four ungalvanized ropes l :: ( in 
Hl diametej and long enough 1- reach 
,,,,m anchorage to ani horage, formed a 
i''" 1 "I 1 he footbridge equipment 

I he footbridges designed bj the 1 on- 



tractor were entirely of wood, with the 
exception of the channel-iron uprights 
placed at the end of each 10-fi 11 
section. Thus they were lighl and «. 
to handle The floor sections wi 
ft wide, made up of three 8-in. wi 
planks at either side, with ;i 2-ft. sti 
down the center covered with \\ ire mesh 
vi hich served the 1 w» »h •!<! purpose 
lessening the weight of the footbridf 




tig. v Wrapping th% \tmy*vUle ntrand rabti 
which wom brought r*» « circular tertian b 
ihr umt "f aluminum /Effort 

and later of permitting openings for tfa 
»pender ropes i«» be made easilj 
I ross beams (Fig. 5, page <>i . placed 
the end of each floor section, w <■*«' 1 w 
i\ tin. timbei fastened to the 1 hannel 
iron posts b) small angle clamps, whicl 
eliminated the necessity for an> boll 
holes in the timbers. Bcnt-pl 
clevises fastened to the channel posts 
served ;is hooks to attach the footbridp 
to the footbridge ropes. I [oles punch 
in the webs oi the 1 hannel posts 01 
about 3 in centers made it possible I 
pla< e the footbridges at variable di 
lances below the ropes. Such adjusl 
menl permitted the footbridges to b 
lowered ;<n the main 1 able, undei its 
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weight .Hid the weight of the suspended 
Boor sterl, ^-iyjr«' l d down. * >n pre^ ii >us 
suspense >n bridges the fool bridges have 
been transferred t<> lashings passing 
over ilif main cables when ii becami 
m ■■ essary to remove the footbridge ropes 
and cut them up for suspenders. 1 udei 
such an arrangement the distance be- 
tween the cables and the footbridges did 
qi .1 \ .ii \ ,\- i he cable sagged do* n but 
with the footbridges entirely independ 
-Hi i,i the cables, t heir \ ertical adjust- 
iiicni became a ne< essit j The adjusl 
fin hi provision a1 Maysville proved 
entirely satisfact >rs 

\- an initial operai ion in erecting the 
footbridges, a L-in, diameter endJess 
tramwa> rope v\a> .an nil from (lie 
ELentuck) to ih*' I >hio shore and bat k 

again h\ a steamboat, and lifted l< - -slip- 
porks on top of i lie towers. Mat hinei j 
for operating the tramwaj was placed 
an i he ' >hio an< horage This tramwa j 
pulled the footbridge ropes across the 
rivei and later erected the cables. 

\\ it h the fool bridge ropes in pla< e 
the footbridge sections were hoisted to 
the tops of the towers and sli I down 
the ropes m trains I Fig. 6, page 62). This 
proved an unusually rapid means of 
i'fn tion, and the footbridges, including 
n >pes and plal foi ms, w ere placed in six 
da) s. Tin final operatii m in t he erei - 
lion of the tool hridp^ involved the plai 
ing of the storm sj stem. This int luded 
a single rope for each footbridge, 
fastened near the has*.* ufVarh lowor and 
pulled up into an arch outline b^ means 

of hridli-- ImiiL- from the footbridges. 

Calde Construction 

\\ il Ii the complete >n •»!" the fi tot- 
bridges, headframes were erei ted along 
them to support the tramwa ) ropes 
thai hauled the bridge strands of the 
cable a< n >ss I >. ■!!■■< tion sheas es wen 
also placed on top of each tower and al 
Hi.' cable bents i" suppoi I I he tramway 
ropes at these locations. V -fraud 
connection consisting of a plate with a 
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pennant line and cle\ ises (Fig. 8 page 

63) was attached to the tramway line al 

hotli the Maysville and \herdeen an- 
chorages, one serving each cable. B) 
shuttling i hese .»»,,,,,., i ions | Ml i and 
|m ( th across the river, the strands wert 
Lnd and the cables buill up 

Ml strands were received bj rail on 
the Kentucky sh >re and transferred to 
a special reel stand i >n t he MaysA ille 
tin horage block. I he I ramwaj ■ an ied 
the < >hio end i >l i mK one strand pei 
trip, and strands were plat ed alternate!) 
in each i:t\*\*-. 

\t the tower tops the -hand . ii was 
hauled across, was supported on four 
large cast-iron wide-mouthed sheaves 




tin /" ^iiifiiruii: trusses and floor vteel wart 

lifted m/" /Win *■ nif/i t;w-tt hi?, fin t ,i . <«m. 

mounted ">\ flooi 

set tandem. Vftei attaching the ends 

of a strand a1 both -i\\*\ the 

strand was transferred from the shea> 
in the saddle b) means of a chain h< »i I 
and a balant e beam. I he strands wren 
placed in the i able in layers, strands in 
adjacenl layers being of opposite la) to 
assure line bearing instead of point bear- 
ing between the wires of strands in ad 
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jacenf layers ai all turning points of the 
i able. Uso, the <j>«- of alternate layers 
ol right- and left-laj strands provides 
resistan< i against a rolling effort on the 
partol the cable caused b) the inherent 
i endeni j ol ea< h strand t«> rotate as load 
i> applied In tin* ri^lil and left-laj 
construction the rotational tendency of 
i idc 1 1\ ei ol strands is resisted b) the 
same tendency, but in the opp site 
direction, in the adjacent layer. 

I be cables were erected Id nine * l-« > s, 
i.r a layei per da) in both cables. No 
fastei pi v\. ,i- possible because 

h layer had to be adjusted before 
i in i l..\ ei was added, and this ad- 
justment 1 1 »uld onl) be d< >ne corre< tlj 
aftei the sun had gone d< w a, 

I he suspenders v\ a e hoisted t" the 
tower tops and -li«l down theft* it hridfrfs 
to their proper locations I in- stiffening 
i russes and Qooi steel in the main span 
and in the p< »rl ions "I" the side spans 
aeai the towers, were lifted into place 
from barges h\ means ol a den i< k boat 
with .i 130-1 1 boom < In th< portions of 
»Im ide spans on shore that could not 
!»•' rea< bed bj float ing a [uipment, a 
- able-trai elei operated b) an engine on 
the shore, set the stiffening trusses and 
Qooi steel \o i ompacting < if -i brid 



strand cable is &<•< «*ssar> hut after tin- 
aluminum fillers had been applied t<> Gil 

Out Ihr < iihlr Id .) 'in ular section, a 

double-spool wrapping machine similar 
in the one used on the Hudson River 
bridge, wrapped the cable with No. 9 
soft-annealed galvanized wire. 

\ (! mi nisi rat ion 

( ontrai U l< nr the \la\ -\ ille bridge 
were let Oct. 8. 1930. Thr hridge was 
opened t<» traffic on Nov. 25, L93L 
The Dravo * ontracting Co-i of Pitts- 
burgh, started work on the foundations 
immediately after the contract was lei 
.md h.nl pKTv aii'l an* iiMi ;i-«- read) 

that steel erection started \pril 1. 1931. 
The John A. Roeblin?^ Sin** i 
Trenton, \ I . era u<\ tin- entire hridi:e 
;i- well as manufactured and furnished 
the cables. For this company t I 
Sunderland was chief engineer, (I. \I. 
Jones assistant chief engineer, \\. .1. 
I ole resident engineer, and Wade Klein 
superintendent of erection. The Ways- 
villo bridge was designed and erection 
supen ised bj Modjeski, Masters and 
< hi-.. Harrisburg, Pa., for « bom C. W. 
Hanson \n.«n resident engineer. For the 
ite 4 Kentucky, II. I ). Pahnore i> 
chief engineer and II It. ( Ireal brid 
engineer. 
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Suggesting the line <>/ the marine p<ncer rahle » ** il during the rr«< ri<in .»/ f/u W«j> 11 if fa Itritlge 



Marine Power Cable in Bridge 

Building 




1 I< ► ilunkv of a power cable 
when a mighty highway bridge 

\- • tpencnl ti» tniffii ? Vboul ,1-. 

much thought is given by the general 
public l" such a rable us is given to a 
carpenter's oail-sei when a sky-scraper 

completed. Mm v are L.th insi^nifi- 

canl when the finished product is com- 
pleted — both, however, pla> important 
parts duri] < tion, and design 01 i on- 
structioD depend to a considerable degree 

upon their eflieienrv. With the bridge 
we tliink oi pillars foundations towers 
cables and clerks, and wwr the steady 
■ in of traffic speeding across. These 
are all % isible evident es of the engineers' 
skill and experience. 



\ml yet, hark of all of these monu- 
ments to the bridge builder's ^kill are i" 
I**- found man) items of equipment 
used in erection, thai require spe< ial 
engineering and manufacturing ability 

and i \pi-nefice In produee. The power 
cable is import. Hit in this Geld. lo 
answer the question u What's inside of 
.1 PowerCable"? the illustration belovi 
shows i he i onstruction of the mai ine 
pow er cable used to transmil electric 
power from on< end of the \lays\ ille 
Bridge connecting Maysville, Kj , 
w ith U>erdeen, * I 1. 1 the othei end 
during construction. The bridge and 
man) items of equipment , including the 
power cable, were products of Koehling. 




War, ,t4- I',,,, it 4 ul, lr. A — liiinvtl ..»/•/». r OOfltfuClOTj It 1'irfi'rrnam «•-*> /»*• rubber in *n tat nm ; 

C — DoubUf~faced rubber filled tape; It Impregnated fute fUlmrB; E Double-faced rubber filled 

I'll" . F — / inf>rt-un «W« it jntv hfitihita: (. Ooubtm ijiih nntzrif att'fl nrnmr wire*. 
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The S 



Rafael 



Bridge 



Over the Yaque del Norte River al Mao. Dominican Republic, 
in Intermediate Span Highwaj Bridge KinlMidyin 

Nev Features of Design 






TIIK San Mafait-I Brid-e. w hich 
was opened t't tr.iiiii »o Septem- 
ber 24th, L933, was designed and 
furnished bj and era ted under the 
supej i ision of i he 1 5 « ►* - 1 »I i 1 1 ^r I omparrj 
for ill-- Dominican Republic 

I he bridge replat es b fen \ across the 
^ .n|ii.' del Norte Wwrr in Santiago 
■ in. e, It has a main span of 15 I 
1 7 inches, provides for two traffic 
lanes i 18 feel curb to curb), and is 
designed for modern highway loading 
i II L5 In the design of this striu - 
f ure, particular emphasis was plat ed 
on ri ononis and esthetit treatment, 
with uli.ii w,- belir\f t«» be must 
.Mill \ ing i esults. 

B onomj was obtained i In. IK 
through the use of a light-weight flooring 
used here for the lir<t time on a sus- 
pension bridge, together with parallel, 
prestressed bridge strands, so grouped 
HN to eliminate the necessity of cable 
wrapping Whereas the usual <> inch 
concrete slah weighs 7". |>ounds per foot, 

the Belmont Interlocking I Channel 
Floor**, together with the Isphall Plank 
< lovering, weighed onb 15 pounds per 
square foot — a saving in dead weight of 
30 pounds per square fool of Hour, or a 
total reduction of \'22 tons in the sus- 
pended dead load 

I his lightening of the Door system 
effects considerable saving of metal in 
suspenders, cables, towers and anchor- 
age steel, and reduces the volume of 
an< borage concrete proportionately to 
the saving in metallic area of main 
cables. 

ha- h of the two main cables is mad. 
Up of nine I' s inch ttoebling < ialvani/<d 



Bridge Strands, arranged in a 3 \ 3 
squan I he strands are sel three inches 
apart i enter to center, and are parallel 
throughout the main span length. In 
the unloaded side span there is .. di^ht 
splaj of strands from saddles to the 
Roebling type < ompact \n< h< irage 
I his "open 1 I j pe i onstruction of 
parallel strand cable pei mite read j 
a< cess i" all si rands foi inspection and 
painting, thereby eliminating the neces- 
sity "l i he cosl K « rapping i iperal ion. 

Each strand of the main cable wa 
prestressed, and measured to exact 
length while under working tension, 
at the Mine time centerline of saddles 
and cable band position*, were marked 
off and identified, then l>> reducing 
Qeld adjustment and location work to a 
minimum 

The ''»i M '" strand design i >l cable 
not onl\ made for economy, bui added 
materially to the pleasing appearand e 
of the hi idge, I lad the wrapped i able 
been used, i be diametei of the finished 
( ible would have been I ] \ im hes Vs 
ii in. the apparent diametei is 7 . inches 
w ith the resulting a« - entuated sweep 
of the -I at 'Inl i hi \ e 

The tower tops and saddles wei i 
given uniqui Lreatemenl in thai the 
saddles arc built unto the main columns 

bekvn the top In I* the upper portal, 

thus eliminating tin* usual protuberant 
atop the main towers. 

Transportation and material handling 
facilities dictated thai the weight of a 
single piece, as shipped, should nol 
exceed 1,500 pounds, and it9 length be 
kept under 21 feet. Both requirements 
were fulfilled. 
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Native labor solely was used during 
erection; the only man on tin* j"l» w itfa 
previous experience on suspension 
bridges being ;i member of the Roebling 
Bridge Engineering Staff. That the 
supersti ucture w as i ompleted and the 
bridge opened to i raific within ten 
weeks, is convincing evidence <»l the 
ease with which the suspension bridge 
maj I- erected pro\ ided, i »f & »ui 



thai the work i- carefully planned and 
thru exei uted under competenl super- 
vision. 

The San Rafael Bridge, embodj ing 
i be latesl de^ elopments of design, w ith 
its clean-CUt dirvct ami '/rat ei'ul lil 
marks another step forward m brid 
history. The economy and beaut) ol 
i he intermediate span suspense m bi id 
public highways i- established. 
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I hi- (,4-i>ruf Washington Bridge 
Over the Hudson Riven -connecting 17'ttlt Street, V#u York ' ir> 

u 1//1 / nrf / it. \rtt fi 1 %f\ 
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The Bridges of '31 



~^h\\ years, il any, sho* the erection 
"N of a largej number of bridges than 
- LL 1931 — bridges of man) i > pes to 
meel the constant!) increasing demand 

.1 transportation and industl \ : and 00 



the work n( John V. Roebling, the 
Master Bridge Builder, it seems more 
than .i coincidence that such an epochal 
year should mark the centennial of the 
landing of John V. IWMin;; in Vm erica. 








Fig I Mnumee River BrUIgm* Aswisptntion bridge of 9 Sl opened to traffic in October. 

In inter-city bridge connecting two bueineeg Mceioiu, our the Mnumm Ricwr at 

Toledo, Ohio, The /" a traffic tenet end two footmdke *>f the bridge combine 

"n*t raif. water ondair to meet thm transportation requirement* <*i thU important 

irtiiu.Ktriat community 



) ear in taierl an histor) . in facl 
in the histoi \ oi an) i ountr) . rei i >rds 

11 mpL< ' ion ol foui major suspension 

'•il It is to this lattei group, as 

illustrated, thai we call yow parti* ular 
attention. 

\\ hen we stop to i onsider thai these 
four bridges are suspended on wire, and 
that wire for such purpose bad its 

BM we know il in \nurira. in 



This year nol onl) shows the continua- 
tion of the Roebting Idea in the use "I 
wire as ;» suspension bridge medium, but 
of even greater significance i- the facl 
that the win* lor these four bridges is 
cold-drawn from acid open-hearth steel 
—an evidence ol ii> particular adapt- 
ability when metals are held in tension* 

w bile the i * I -It- construction in all oi 
these bridges i- similar, in thai the 
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locI iK laid parallel, the con I rm 

tion ->i the strands differs, In thi in I 

• W ashington and Maun* - 

Riva Mi- trands are made up of singli 

wires laid in parallel formation and the 

"■I are then laid paralli I In the 

••'i' in the lattei two, Portland and 

Vlays^ ill. . however, the strands are -»i 

' diffei •■ni i onstriK tion ind !• i th< 

latest development ol thi Ro < Idea 

Mi*- Prestressed Bridge Strai ^ 
adopted. 

I li« nil.- general method - 1 i able 
er« tion the ">• i ial stringing pro* 

used '.n the Brooklyn Bridge and ill 
other supei span suspension I" ' I 
"i< e thai time, ma used in the strand 
tug ol the i ables for the first two bridj 
••I this group -laying \s ire b) n ire in 
illel formation into stranda and then 
ing these stranda, parallel, into 
iblee n hi< K aftei i ompai ting and 
Tapping, I--, ame the i ompleted - .»l 



I he en tin i abl lion on the first i 

brid/ 1 fi ni strand i" i omplel 
cahli was i Geld opera tii The 

trand for I he Poi 'I ind ind \l illi 

bi idgi • 1 1 i wei - plant m i 

pn tr< ised and cut I 'termined 

lengths, then shipped to the bridj 
sites. I he iti . instead >1 ingle 
a ires, were strung in the Geld and I * 
in parallel P >rmati< in u .< \ ibli 

I in ! ,i i elopment ol 1 1 

process ol pi in bridge strand 

i \ in this new d< elopment, is 
n ii- 1 ed i mi i >t the mi «1 im| ml 
ad^ ancea in the susj Geld 

P .i in im\ % ■ ir- \ comp u 'i ..i i 
nei .1 •lii 1 in strand and finish) i 

I m i -i in iiiu 

"» and 6 p tg< I in i he detailed 

imparison as ~'i\ hi in T.iUr I 

U hili it i> inif predict 

n hat ' he !• ■■■ el ipments in susp 
sion bridgi Dgim nrill be for 
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Fig, '• fnmihi u,r, Cable thm type «»' cable mi the Georgt Washington and 

Haumee Rivet Bridge* Th* strands oj thi Georgt Washington Bridge made up oj 

m m*UMurm4 {in diamete* or I-i6 the diameter of thi compressed »«j/./. 

band a . omprising t>l ttrandsore total of t6 t 474 paraitml wires in > »• i> i abl< 1 fu 

. ompleted , tgi, I, . wrapped* as indicated by *• - tion «/ 
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f» I'r. str, *^, ,t Parallel Strand <*»></•• r/i«- fa£«sf development • •» /'»*■ Hoebi 
idea in bridge cablet* used on the St Johns* the Maymville and othet bridges x - • «< 
r«/,r.»«rif» ,i 'ir-irni. / it, ,l,4ittn ti ■ . containing «i niimhir «»/ wires "I different 
diameters. Set b ami * i in- In- \a^»>nat n + •**■ m /»/* containing thirty-seven §*restressed 
Far nl I* l Bridge ^tnmtis la) preparatory i<. wrapping* Sm d ihou * ■• - r»w r»falpj< - i 
|"»"'"' in fint to complete the circular crost taction I *>• cable, Illustrated* con' 
teuns 129& wires anil inrfMurc* .v , m ( b< N-rf wrapping the cablet «•' E/tt two bi itfj 

•/ to in Kfiu articfo, arm of this constructions <<i//i 9J itranrfj *»/ ">/ wire$ t 

ami t'l ■ ( ratals .•/ '• / nirrs r. ,•' ' ' " ' '> 
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SUSPENSION BRIDGES OF »31 COMPARED 

TABLE r 



a 




George 
Washing- 
ton 


Maumee 
River 


St. Johns 


Maysville 






h 




Hudson 
River 
Ft. Wash- 
ington, 
179th St., 
N. Y. City 


Maumee 

River 

Toledo, 
Ohio 


Willamette 

River 
Portland. 

< >reiMin, 


Ohio 

River 
Maysville, 
Kentucky, 






c 




1927-31 


1929-31 


1929-31 


1930-31 






d. 


Length of Main Span in Feet... 


3,500 


785 


1,207 


1,060 


€. 




4 


2 


2 


2 


f 




61 


19 


91 


61 






g- 


Diameter of Strand in Inches 


4H 


3 


m 


1 


h. 


Diameter of Cable (before wrap- 


36 


13M 


16H 


13tf 






i- 


N umber of Wires in One Strand 


434 


186 


51 


61 


J- 


Number of Wires in Main ( !ablea.. 


105,896 


7,068 


9,282 


7.442 


k. 


Ti >tul Strength of Main Cables in 
Tonc< 


350,000 


21.660 


25,000 


16,470 






1. 


!mt:i! Weight of Wire in Main 
Cables in Tons 


28,500 


675 


1,150 


656 


m. 


Total Length of C a Between 
Anchorages in Feet 


5,212 


1,780 


2,719 


2,288 


_^_ — 




D. 


Diameter of Individual Bridge 
w ire in Inches 


.195 


.195 


(•" 


Note SI 


O. 


Height of Towers in Feet 


635 


220 


344 M 


229 H 







P. 


i ruber of Single I 'urt Suspenders 
at Each Panel Point of Bridge 


16 


8 


8 


4 


q- 


Sime of Suspenders in Inches 


2H 


IH 


\% 


1% 


r. 


Fillers 


None 
{.\~r. i) 


None 
(JFoU ■/) 


(.\<v. /) 


[Not* 4) 






8. 


Engineers 


Port 

of N. V. 

Authority 

■ ' // Imman <■ 


Waddell & 
Hardesty 


Robinson & 
Stein man 


Modjeski, 






Masters 4 
Chase 





:: 



uu:d 



lolnu 



liver 
rtUnd. 




1,150 

> I 



[0900 A 






"(no 

Majwilfc. 

Kentucky 



91 


61 


1 


1H 


11 


13Ji 


51 


61 


},282 


:.«_• 




470 



651 






M*t«rt« 




fig. i — Vhm Grand 1 Were Bridge Completed 

Contrasts in Bridge Building 



B 



of erection methods, and the others here 

i »li\ rivei bed -I ill'- summer season 

•\ erning fa< tor these eu e ill- 1 

interesting i ontrasts to which n\<- direcl 

ii attention. 

The Qrst of these bridges i> ovci il»» 
St Maurice River ti < rrand' Mere, 
(Jui'l»r< . on which the steel and cabli 

ection w as 1 1 tmmenced and completed 
in i Ik- winter season, when the tempera 



int. wi ni ;»> l< m ' I below zen > 

and ill- i< t was from 21 to 30 in< hes 
thick. 

The second, al I )om< \ rizona, w h< re 
the spinning of the i ables had to be 
done < I ui ing the night hours to permit 
of unifoi ni i rand tension - >n a< count 
i ,t i he i ictreme I empej aturei h that 

reached II" I ab n e zero in the daj 
time and dr< ipped to normal and more 
uniform temp i al in i it night. 

The I Jrand Hen Bi idgi i I he first 
long span suspension bridge in * anada 




i ; 



•V *< 



Fig. 1 Thm GrmnmY Worm »r* court* o) construction 
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A if- 3 — Oom*. Arisnna> lirulu* 



and the largest multiple- 
strand i able bridge in the 
Wi arid at the time of era 
tion the St Johns Bridge, 
Poi tland, I Oregon, then 
in course of erection, ex- 
i eeding the lengl b l»v ap 
proximately iifi> feet. The 
use ol galvanized I »r i« I ^rt • - 
strand is unique in the 
ui ture ol 3u< ii long spans 
the main span of the 
I anadian bridge me isuring 
94 I his bridgi is 

b stiffened suspension strut - 
ture with straight back- 
stay s I iitlir two main 

ibles contain thirt) se> en I ' r in< :h dia- 
metei galvanize <i steel -* r iu-1^ with 

ires to each strand, making -i total <>r 

L295 wires in ea< I. i able I he strands 

were measured under spe- ifi< tension 

cutting length, and marked al calculated 

i""ii» 1 1 espi »nding t<» tower-centers 

utcr. I wo strands for each 

ere also marked ,.t the cable-band 

to serve as guides in placing 

'I" bands Spex ial sockets were pla< - d 

"I. ill.- strands before shipment The 

application >>\ the methcxl of n-in- L mI- 

inized steel bridge-strands cut to 




H*. S 1/n/niroec, DoiTM Hridgr 

specific length *\li<*n measured under 
tension, was developed !»>. the Roebling 
liriilL'r engineers and work done at the 
Roebling plan! 

The I >"iin' hri<te«\ mi the other hand, 
while "t the same general super-struc- 
ture, has i In- parallel-wire type «'i main 
cable, each cable being made "I three 

Strands of 290 win s each, .>r a total of 

!!7i» u [res in each compli 1 1 -I cable, 
these wires measuring iu<>2 inches in 
diameter Tin- main span in this case 
being <*>"2 reel Ion-. The cables I 
this bridge v\rrv spun in a horizontal 







it ion on ilie ground and hoisted to 
he Iowa tope after completion 

I Ik el wo bridges v\ ith the i onti i-t 
tig i. rpograph^ are pictured in I igs. I 
n I od pre i ding pages and aimilaj di 

i . ..i « ootra i follow through prai 
, ill) evei x method ol construi i ion 
ml i In tame ba ii Rot bling l<l> ■/ - •! 

i pel %\ ire ii . suspend bi idgi 
• • ii in both projet I 

Mote the poi lal in the U iwei pi< i 
•Mi '.. w h< i i m the ' Irand \1 1 
tin -i r in lur.il steel • 'i i ie the 
i i U passing interest l ig I 
ho* - .i t*uspensi< >n I" idg< d< >n£ ' h< 

n i bank supportin i pulp n i 

01 >r. This bridge is il o i on 
km tod <»l Roebling i able 

\\ e parallel 1 1 » * - picture tori* i • •! th< 

• ii these i A" bridgi a thai 

/ .* . i •■ •.ir./ |f#J • I'' Idgi 



Bridgi are shown in I In 

to till i >ul the Ii .1 .i ili* k 

ol >7 5l rands int i a ciiN ulai -•■■ ti< m, 

• able i Ii mi' t . i l . i 

segmental red* i k 

n pi mini' diat I \ in i«l\ an< e 
the nrrappin of the « u I h 

trip rveri il d in boilii 
brfon plat ing. \< • 9 . ■■■■! \ anized 

ipping win a i used ■ implete 
the i ubl< 

I r the two 1 

Bridg< i ibli a in' h i onl i 

162 in* ii in diarnetei mi 

pleted < .'t'l' 1 n in 

diunv t< ii m t| ip d w ith Mi i 10 . d 
\ .mi/' d iron wrapping w b 

I he itrand >n thi Gra M 

t \\ I mi.mIi ,i thi ftoebl tanti 

n her) a foi th< I torn* I tpin 

him. n i I bi "I 

tured in I 81 I l- 

and sheave u i iho¥ n atta 

ii uck '" can • the lo< \\ 

the I I 5 spinnin ■ ti ip | I 

10 i 1 1.. layout ol th< pinnii 




" ttritigi t a 



"'i i eadei s rua) the vnoi - ■ l< arl) see 
ritra ting method r cabli ei 
ind tin moi il) folium thr mgh 
this rtorj --i . ontrasta 

I he relal w e p- 1 ill • m "I i he strands 

"i 'lit- main i ubl< "I ili« * ii ind VI 



showing the bridge tow i in th< 

tao I *' the 

itrands I 

Mill I \\ 

I , ipporl 

li\ li-ii 






the lift to tin* towers where the cables 
are show n parti) completed. 

Still following ih«- w«»rk ;ii I tome 
Bridge, Fig. 17, page 84, pictures the an- 
chorage for the strands during the spin- 
ning operation. [Tie sen ing <*\ the splaj 
nol fai from the strand shoe indicates 
li..\v ill the L45 loops <»' wire were 
grouped togethei t<> total 290 wires in 
each strand. In the spinning layout 
I ig, 18 supports are indii ated foi 
the wir< s being spun into the strands 
lor the I Liiir I (ridgi The elecl ric 
light s shi >* ii here n ere installed to pa 
mil ili«- spinning ;ii oighl which was 



bed i if the I tome opera) ion, prepare! 
to hoisting into position. This strand 
has 290, No. 8 wires. Figs. 12 and I 
page 82, show views of the two anchor- 
e methods. Th< Si -i bring the thirl ) 
seven I Vim-h diameter strands of thi 
main < rrand' Mere < ables as the} spl i 
• >u1 to connect l»> means of sockets, 
the am hor pi ites. The second showq 
the I tome connections of cable straj 
to anchor eyebars. In Fig. 15, pag 
three developments of the I tome strands 
are shown: (1st) a strand being spi 
2d a i ompleted strand, (3d one a m 
plete -Iran. I parti) seized. In contrast i> 




Fig, 7— Don 



mad< i -..i > due to ihe greal tern- 
peral banges during the day. In 

tin round, roUei 3 are shown upon 

whii b th. completed strands rest while 
I" ing hauled out a< ross the river in 
f" foi the lifl to the towers. 

'" I <- 19 we have the contrasted 

i the! Irand 1 Vler< i able forming 

■i" ration Horses and adjusting tower 

are hown al the i i nter of the main 

span in Fig, 16, , ,„, the ice 

1,1 I '- 7, w( the star! for the 

haul of ill. strands .»■ ross the dn ri\«-r- 



iliiv fe ;i practically i ompleted < !i eu 
Mere cable. Horses along Hi*- line ol 
tin* ial>lr ami adjusting tower al tin 
center of the main span are agaii 
shown in I ig. L6, 

In the hoisting of the strand i afa 
i< i tin- tops "i the towers, \\«' find th( 

me method used on both bridges, I 
21, page 85, the completed strand 
ili«' Dome I tridge is shown b< i 
hoisted t«> tin- cable saddles on thi 
tower tops In I i-. 20 the -.mi-- method 
is shown in hoisting the strand »<> I 
tow« top of the l -i .ml* Mere Bridg< 







i-r 






"i- 



brid 

' 'I 



:;i 





Fig. 8 — Tap — Uomm 



Fig. 9 — Left — Grand 1 Wmra 



I \g. /0— Circle— Dome 



In this story of contrasts we have 
indicated erection methods of two types 

of wire bruits— <li'\ ('IcipmrritN of flu* 
Roebling [dea—i*>v 4»ort-span bridges. 
"ii the Dome Bridge project the 
use of the ground method of spinning 

anse of the small number of *Jrand> 

and the comparatively small diameter 
cables, not justifying the expense of 



footbridges, which constitute such an 

important pari in the i onstrui 1 1011 of 
parallel-wire bridge cables !»> the aerial 
spinning method, e^peej.-dlj on the 

longer super - span bridges like i he 
Hudson River Bridge. For the -ike 
i .1' ect 'imin\ and because of aa1 oral i on- 
ditions and ad \ an l aires, footbridges were 
ii-.i used in either of ' hese instance 



;;j 





/«* // 



n 





''. 12 — Grand' Urn frir 'lutrasv 

PARALLEL-WIRE MAIN CABLE 

Fig n 

\ Parallel-^ ire Bridge Strand, 3! ft 
in. diameter, o mtaining 290 galvanized 
win i i L62 In. diameter, laid parallel 
i shown in Fig. I" page 81 and Fig I : 

i i.lit. 

B. S( rand assembly befi »re being 
- om] l into oil cular sha] 

1 -0 is »n sh< w ing the thr 

strands t _ ,(, ti u ■ ,. i, , , impress 
pi< \ ious t< - wrapping, < ontaining i. ttal 
■ »l 870 w ires foi each - able. 

I > Showing the singli « ire in paral- 
lel form Lncontrasl to the bridge-strands 
tn parallel foi m a indi ated in Fig. 14 C. 

I and IV -The completed Parallel- 
W ire Main Cable aftei n rapping. 




Fig. IS Dom* Bridge tnchorugm 




n 



L 

Multiple-Strand Ifoin CabU ■*—-—* * 

■\,>,i' Hmrm Bridmg 












Ak> 






If 



I i - / / » on tintu -t 



Ml LTIPLE-STRAND M \IN < IBLE 

FY* /I 

\ Gab anized Bi idgi Strand, I ' t 
in diann tei o mtaining 15 pal\ <m 




wires ol 1 diamel 1 1 enter 

ni' i ~ui. 192 in . nexl la) conl 6 

wire* 186 in if »und whi li are lai 
Mm teen win ilten ilii diar — 
. I 18 in ind 197 in I i 
wire forraii i diam 

eter ol 195 in 
B 1 1 ■ ■ . 

\ i lamp ad 
n id) P ippiii 

i Each bi id I rand laying in 
paralli I formal ion • wl \ 

w 1 1 tch ai ' 

i total "' i !95 w in til h cable 

I ).- The li I) with 

m< tal pit plete 

the i in ul u I n n 

i i >m- 

|il MuJtiple- 

I . ■ I 



/ 



/>. 



% 



t ^ 



/» 




* 



}■ '■:. 



fltf /J < ,H»tiii i- 




9' 



84 




Fig. 17—rtomr 





/ im. IH Domm 



Fig. i<> Grand' Warm 



I igs I i ind 1 1 pages 82 and 83, gh 
ing thi i isive rteps of these two 

tj pes ol main bi . ables, are included 
here R u a i lear understanding of the 
liflerenl 1 1 nstnn tii in 

^ bile the parallel wire CaHe is, to- 
day, the most gen< rail) used method 
md super span suspension 
bridges, there is a point in cro — 
1 ""'-'I • ■»!•!•■ * here the multiple- 



strand main cable i* mosl pracl ical 
and <•• onomical. The St. Johns Brid 
•'» Poi I land, < Oregon, i> an instant t 
"l the use i if multiple-strand con- 
traction "ii bridges with longer spam 
than the two in the Btorj of contrasts 
the main-span being 1207 el 
There is, howevei ao Bel i ule l« \ 
the man) governing fact - in I 
selection of the besl im-ihod 






«' 



firm* "'" 



ii.il 






is , i f» 

St. Johns Bndgc 

in-' 

with long^ sj 

l2 07 ed 

trulebeca^ 

fad 



I lie 



I method* 



struct ion, can only be determined by 
a close study of all of the factors of 
an) project. 

Multiple-strand cables for main spans, 
a d'\ rl ipment of the Raebling Idea 
coming into more general use since the 



K.-i 



engineers, New York City, and was 
constructed under their 'lir«-< -lion- Thr\ 
were retained with the iippmval of the 
Province, the City and the Laurentide 
Company, by Fraser-Brace. Ltd. "I 
Montreal, which concern built (he 




hiu. 21 thtrni- 

erection of the Dome Bridge, is fast 
growing in favor because ■»! increased 
ipeed and econoim in erection. 

The! irand 1 Men* Bridge was designed 
l»v Robertson & Steinman, consulting 



bridge under a lump contract The 
I >ome Bridge was designed bj the High- 
way Department of the state ol \rizi oa 
and i ■!•■' ted bj the Le\ j < lonstraction 
Company 
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Typical Small 
Suspension 



Bridges 





I ftjM liiu WultipU tpmn <--»>. wind #/•■*. 
J. /*ipr Liiu SUigii «/"'»' i*t*#i ».i/.w tmhlm* 

5. I titit untk. 



S. fflfflttlfl) 



::: 




The Small Suspension Bridge 




\l VLL suspension bridges fashioned 
of ropes on which beams were laid 
transversely and then suspended 
between -- !■ i ■ i »^ , w.\- supposed to have 
been Mm* iiirtlmil Xerxes used in cros 
ing i In* I [ellesponl dui ing lii^ invasion of 
Greece in I mi B.C. Evidence has been 
found i" show thai the nath es >»l the 
tropical jungle countries oftentimi 
fashioned crude suspension bridges, l>> 
using the twisted vines and matted 
fibers nature so generously provided, in 
making their i rossings over small ri\ ers 

.Hid r.i\ irirs. 

If primitive peoples, with their lim- 
ited knowledge •»! the underlying prin- 
ciples, and their ^lill more limited sup 
i'i\ of materia] and equipment, so read 
iK grasped the simple idea of the suspen- 
10 bridge, the question naturally arises 
to wh^ the modern engineer does nol 
more generally appl) this simple and 
effective idea topresenl da) small bridge 
problems. 

In considering the answei to such i 
question, it israthei interesting to note, 
that in spite "I i he relal \\ e simplii it) "I 
design and erei tion w hii b i an really l>< 
associated with the small suspension 
bi idge, there are .» number of caa 
n here other i\ pes ha^ e been used, al- 
though ili«' suspension type ma) have 






proven more ■ ■• onoroii al It certainl) 
would have proven less difficull of de 
ii and erection, and iurelj m< ire 
esthetic all) valuable 

Perhaps, however, the opinion hap 
pened to pre\ ail that the i able analysis 
might be difficult and i omplii at d i to 
il - solution .nnl handling dui in| ere 
tion, thereb) causing the suspension idea 
to be abandoned i j i favoi of * more 
familiar idea. Sui h a pn s ailing i pinion 
m.iv have been caused b) the fad that 
the t© hnical si hi iols and colleges ha> e 
nut in the pasl d< *oted \ er) mu< h t in 
to tin' cable anal j *i of the suspension 
j 1,111 i u p i ibl) due to the I i ( thai 

the the irel ii al curve of the unloa li d 
main cables is * iewed with a certain 
amount i il apprehensii m I it hap 

pens to be a catenai . \n a< curate 
anal) -i s • >! the catenai j m ly b ■ imc 
w li.it in\ olved, Imf there are • ei tain 
simpler formulas based on the parabola 
ih.it can l»f easil) applied with sulBi ienl 
ai i urai y fori he mall u ^pension bridg 

I he parabolii foi mul i ire nol onl) 
simple in their appli* ation, but the) can 
be ver) - a il) lej h ed. 

\ numb ' ol the p irab ili fi u mulas 

I I lal ing to the loaded u jpi n- 11 >n bi id 
cable, are I imiliai to man) , since the) 
have I n used f« »i * nurabei of ve ti 



*. Of 3. k*f* 




Ate 

r/ocr- Oaam Length 



tig. t Section of light Suspension Hri*lg* <>r IFa/lcuaj fi "mm/ Brmclng tngtm mi 
/•-■> Third Floor Beam, '• CmbloGamp, elZin Minimum d Extension 

,>i I l.,4,r Hi -4t nt t h.ir.m-t f,$r If i»i*/ Ii r <j< Ing tn a /**..».*«-. r i .. n 
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However, the data, formulas, and re- 
lated equations which follow should en- 
able the designer, builder or user of the 
small suspension bridge to make up the 

necessary preliminary calculations fur 
determining the cable size ,ind various 
quantities of material required, so that a 
comparative estimate can be made be- 
tween the suspension type of bridge and 
am other type thai may be contem- 
plated for the local ion. 

< hie might well ask, u hat is « ;on- 

ddered a small suspension bridge? ' 

rhe term "small" is meaningless and of 
do value except when used in com- 
parison. The Brook I \ it Bridge, for 
unfile, is a small suspension bridge 

w hen compared with the mammoth 
( ie« »rge Washington Bridge. The former 
hov ■ • t. was the engineering marvel of 
its lime, and i^ ranked todaj as one of 
the world - great bridgi 

i in * e therefore i lassif) bridges gen- 

<i.dl\ a.enrdinjr to their spans.' 1 If so, 
should sa) thai a walkway bridge 
w ith a span of 500 ft. i^ larger than a 
four-lane highway bridge with a span of 
100 ft., which is. of course, absurd, < In 
the Othei hand, a heavy pipeline bridge 
with IWMI It of Span is certainly larger 

than a two-lane highway bridge having 
a span ol f200 ft. Therefore, span alone 
i- qo measure i »f size. 

'I wo -Hiding factors in determining 

the magnitude of a suspension bridge 

I The length of main span, (2 

suspended dead load per linear fool of 

bridge. The- i WQ f a , ( ,, r , t \, t n0 | r;irr> 

the same weight and as a measure of 
ignitude w< a« tualh have the (irs1 
pow. il th< dead load multiplied bj 
the square ol the span -better recoj 
nized as w l- I his appears as a logical 
rdstii k with which to measure the 
"I 'i susp< nsion bridge But \\ 1/ is 
directl) reflet ted in the metallic area, 
oi to tter still, the tensile strength of the 
"..mi « ables; so lei us &aj that the cri- 
terion ol size is the total tensile strength 
ol the main i ables, 



Now, where is the dividing line be- 
tween a small and a large suspension 
bridge. 1 The answer tO this question is 
purely arbitrary, but lor practical pur- 
poses we will assume all bridges, the 
main cables of which have a total ten- 
sile strength of less than 1,600. 0<m ||. v 
as tailing under the heading of small 
suspension bridges. 

Classified according to their various 
uses, we have (a) the walkway or foot- 
bridge, (b) the light highway hrid 

industrial railroad bridge, (dj 0OH- 
veyoi bridge, (e) the pipeline bridge 

The choice of the loadings to be used- 
in designing a bridge should be given 
careful consideration, and is naturally 
governed by the particular location, 
conditions and requirements of the 
bridge, The maximum anticipated uni- 
formly distributed live load, as well Bfl 
an> concentrated load that the bridge 
may have to carry, should be consi- 
dered together with the wind, sno* or 

ice loading produced. 

Pound* per Linear Foot Mndge 



Representative \\ I 

Suspended B 

I teed I-' mas on 3 ' i 
«»f Small Bridge* lb. per 

B 1 



Mi 

steel •! 
Steel castings He 

suspend- load 

era, etc. 



4 ft uulkwav. no 
stiffening trim 45 

8 ft Hralkwas *oili 
w len stiffening 

tniM 74 

ali steel walk- 
■raj k irf* stiffening 
truss. , 

Single lane light 
b i u U w»y v. \ t li 

wooden stiffening 
truss 



I in 



21fi 



s 



II 



8 



51 



5;: 






MM 



640 



* I tie values given do not include I r I 

t hi- main r*urippiiHiuii mMi-* 

The Eunounl <■! material required fai 
the suspended floor system and for tin 
towers, ni;i\ be approximated bj using 
certain conventional design methods 
However, the towera should not l>» 
treated as simply statically loaded 
columns, and due consideration must l>« 
gh en to conditions resulting from un 
uniformlj distributed live loads, mm 





Jtatfnffha 

M'K.,.W. 

^Practical pJ 

J" l.'""'. 

highwa) 1/ 
brid, 

pipeline bridgi 

adings to bi 
_ 
and is nal . 
rticular la 
irements of tk* 

I uni- 
■ load, .i> ti 
I that the I ■ 
should w 

fnl. so 



• 




Miie. 

suspend- 
er 




1! 





I 

2 ie m 



, 



rial n P** 



[fa 



should w>l 

jl, I..-. 

siting from 



ing concentrated loads, temperature 
changes, longitudinal transverse winds, 

* t « ■ 

I lit- susp.-iisi* >n It ridge is Inherently a 
flexible structure, and in the majority of 
i asea some form of stiHWiin;: nuM l»r in- 
corporated in the design to insure suffi- 
- ienl rigidil > to the Qoor system. This 
usually takes the form of a stiffenin 
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f»g j lyrical Section of Light Suspension 
Foot Hriifte 

truss hut mm in.ui\ walkway bridges 
sufficient stillm*^ may l>«- uhtainrd bj a 
proper!) designed handrail system or by 
additional stringers in depth, or !•> l>oth. 
I Ik- amounl of stiffness required de- 
pends upon the utility requirements of 
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The I'HYrt of \w.i\ j transverse «rinda 
on a poorly designed suspension bridge 
might pros.- disastrous and it is uec< 
sarj to incorporate in the bridge a 
properlj designed wind bracing system 

Mi'T il»'- total dead and live loads 
have been determined, thei able an tlj si 
can !»«■ made w it h sufficient a< curac) tor 
the small bridge b> applying the folio* 
ing formulas; 






I iwn = 



m 



u ! - 2P)l 
8(/ 



■HI 



2] 



\N here Hm equals horizontal i om- 
ponenl of tension in pounds this hori- 
zontal force i- the same l«-i an> poiul »l 
the cun e . v\ equals total gi unifi -i ra 
I- >ad in pounds per lineai fool of bridge; 
/ t' ( |uals hoi i/< >ntal jpan length in feet 
measured fn >m tow< i 1 1 tower; d equals 
defle tion or sag of main cables at mid 
-pan in feet i he mo I i conomical ratio 
for suspension bridges has been found to 
be usuall) In', and not less than 8^2 or 
more than 12' , of the pin In equ 
tion \o. 2, /• equals total concentral 




Hm. J Woii< t>t m f union* fur /'urtj/jtWi. i ahtt> irmlym 



•I"* structure. All brides Mihjn trd to 
n j mas ing concentrated loads, 
should be designed with the stiffening 
truss; on the other hand, in statical!) 
loaded bridges, such as pipelines or belt 
conveyors, the stiffening truss may be 
omitted. Each bridge must I"- i on 
aidercd in the light of its particular re- 
quirements and location before a de- 
finite design i an !»■ adopted. 



loads in pounds. I rom the * ei tii al 
fti tion equations, 

wl 

[3] 



i _ 

1 in 



\,,,= 



trU-P 



III 

the resultant tension 
l'm= * Vmt+Hufi 



in 



[5] 
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i .ui be obtained, Equation No. 2 con- 
siderc i Qtrated load as being at mid- 
pan onlj Thf 7'm tension in pounds 
thus obtained will not !>•' the mix in nun 
tension in the cables, it 1 1 ■ « - angle I i^ 
greatei than angle i *. where ° i s the 
angfc of the cable tangent a1 ili«- tower 
points Mi Mir main span, 9 is the i or 
ii.lin- angli <-it i hi aide span The 
angle .. is obtained from tin* relation 



tan a- 
and 



k 



«>) 



I In tlui of /' ft shown on 

I i- I u ; uraU j _■■ w erned b) thi 

in"-' suitable an< h< tragi loi .it i< u The 

Sldl -[mbi I 'i Ii.h k ^t;t\ U Iisil »ri i- ! In n 

d ir im; 
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• m Lhi small } rli. 

bj equation Vo 9 
KufTii ientl u 

>l" in have 

ki* k 



m 1 1 H h allow a length adjustment at eai h 
am borage, sui h aa illustrated b) I ig 
ad S. 

The hack v|;in length i -hi be found 
with sufficient accuracy b) - 

Is* ft Sei [ill 

This equation can l»« i applied Cur both 
conditions of loaded and unloaded side 
spans. The side span is corisidiTnl ,i- 
being loaded, if the ll< ©i s) stem is 
tended from the towei to or near thi 
ani borage, b) being suspended from the 
main cable The general profile of the 
bridge location usuall) determines the 
main span length, and also as to whethei 
ii in more economical to ha\ e the sus- 
pended side span, or what is i ommonl) 
i' i med i he unloaded straight back st 

I he relation* of tension in the i abli 
i an I"' determined from the equations al- 
read) given, pro* i < 1 « ** I the uniform loa 
■ •I the side span is not more I ban the 
total used foi the main span i all ula 
tii ins. I his is usuall) th< howevi r, 

on the small bridge with suspended sidi 
spans, and it is \«t> rare to I 
i li - in load. In fact, ill-' m 

rn ral i a«c eni i wintered l"i the small 
bi idge deals *itli unloaded bach sU 

I hi suspender size is gm ei ned b) the 
total load on each panel, and it ii 
usuall) assumed that the t*- ppo&iu 

it each | ^ 'iiit i 1 1». i 

tire load ol thi panel I he p. mm i length 
is govern* -I entire!) b) i be most 1 1 

mil al donign of flooi - tern, i a 

ibl) M'hrr ' ill-'iun;' h . ire In 

I'm luded and the length r>f th m l 
' madi suitable toth< if uss cho* n I 
t he suspendei on thf mm. .11 bi id 

I, !m\ in.- .. forged on one end and 
a i hi it the oth kL is 

U) used. 

l ( ii (bund. li«- r. th. it in 

•al»l\ i w>-\\ . 
el wirero| U-r with 

iH.i. |i»h| lit 1 i r ; ^hI i 

j|«l I 



J l.y- 



■ 

mm 

■ ■ 
more than 

the > 
-iimII 

nrl. and il h 
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I '*■ <•— Gofmnist'fl Briiluv Cable with Closed Hr„U< S<»«/.,i atCocJied Co eac/i *«,/. 

such as illustrated U Fig <>_ It can be span suspender in feet- Tin- \;.lueof ^ 

seen thai th<- <>e bolt with plate or should nol be less than twelve inches 

washer, f.m\i(l.s a «Mud connection 1-1 and i^ usually governed I>\ the parti- 

either a w len Boor beam or .» pair of cular type and size of the bridg< 
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1 ,L ' C*Jtw»w#d Bridge Cable with Open Bridge Socket attached '•» each end. 



tee! channels as shown. \n approxi 
ra ite estimate ol the average length of 
suspenders required can be determined 

0337 H V [12] 

fhere the deflection i- 10* | of the 

l 11 " s equals ;i\ ei age length "I 

suspender in feel ; I equals main span in 

et; \ equals length of shortest or mid- 

3oT Of Ca&e Ckmp 



I \\t- 1 1 -iiim. I ii »ns "I ih'' suspendei to 
thf main supporting cable < an be satis 
factoriJj made bj using » i \ pe - >i clamp 
sui h as shown on I igs *> and 7. 

I h< main i able anchoragi ■ an b« 
made by embedding anchor rodsoi h i 1 
[iliitr liiir- in i ..in r»tr such as illustrated 

in I ig 8. I he anch »rage size, bowe 
i< necessarih based on 1 1 1 • ■ -<>il condi- 
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/i-. j t Typical Small Hightca^ Suspension Bridge 

Erecting the Small Highway Bridge 



\ ;i previous article mi The Small 
Susp* nsion ttn>I<i> . some simple 
JJ - fundamentals of design were point- 
ed oul tndii ating tliat a suspension 
bridge is no1 the i omplii sited structure 
thai it i^ general!} supposed t<> be. In 
the present article it will !"■ shown thai 
the erection of a small suspension bridge 

isjusl a- simple a> the design. 

I he small suspension bridge has been 
previously classified as being a bridge 
Lis big main < :ables \siili a total tensile 
stren^t li up tn ami including l t 6(HMMMl 
pounds. 

In considering the erection <>f the 

mall highway suspension bridge, the 

structure can be conveniently dh ided 

into the following main pari > u 

anchorages {b) piers (c) towers rf) main 
lilr. e) suspenders (/ 1 trusses (</ 
floor-s) stem. 

Perhapsa better conception would be 
obtained I>\ follow ing in general the 
actual construction of a small highway 
bridge. Therefore, the bridge as illus 
i rated in Fig. I is selected as the basis ol 

tlii> .M lii |r. 

In folio* ing the construction keep in 
mind the simpli* ii j of the erection 
oquipmenl used. I In- little power re- 
quired was supplied l>> an ordinar> farm 
tractor running along the mad, and to 



which was attached the end of the 
hoisting rope Two -in poles puked up 
convenient!) al the location, were used 
in setting towers and hoisting the 
inaiii cables. Ml "i hei material, steel 
and timber, was readilj handled into 
position bj i li«- ere< Lion gang. I his 
gang i >f bridge men was te* ruited wholl) 
from I"- al labor, and except for * 1 * - * 
supen ision, no pre\ iou s • tpe$ ien< < w i 
required. 

I he bridge ha a main span of 1 70 
feel with a width of roadway of eleven 
feel . It was designed t<» safel) carry the 
concentrated load produced l»y a 15-ton 

V >aded I ru< k a1 mid span plus -■"•' | im- 
pai t \ w ind-sn< wi -and-ice load al 
w as considered in the ch >ice of the size 
of membei Each ■ •■( the two main 
i ables consists <>r i >ne 2-in diametei 
galvanized bridge cabl< supported by 
steel-casting saddles mounted on steel 
towers whi< h in turn resl on con. rete 
piei - The cables are ci mtinuous in 
length from anchorage to anchorage, and 
extend as straighl ba< kstaj - 90 feel and 
«» i feet, horizontal distances resp.vi 
ively, beyond each tower. The anchor- 
ages arc i oncrele l>Ioi ks in which are 
embedded the anchorage steel designed 
to lake the main-cable fitting or soi ket 
i « mnect ion. 
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The main i ablea ha> e ;» mid-span 
loaded sag or deflei tion -i ~u feet Tin- 
l»r i<L-- design includes two wooden 
stiffening trusses and tin door-system, 
with steel supporting members and 
wooden roadway floor, hasacambei < ir 
,. ii i. ..I rise ..r om I'- <t. seven in* hes, ;it 
mid-span. The cables ar( given .< « r.i<llr 
.»r Iimi j/« ini.ll defli • tion .ii mid-span i -I 
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example we have chosen, it - an !»■• s.m 
thai it w;in oecessai j to locate one of the 
chorages slightly higher up on the 
slope in order to provide clearance for an 
existing highway. 

Excavations art made for tin- tower 
piers until :i suitable foundation is 
reached. ( >n i his particular bridge, a 

most "I the smaller bridges, these 
piers are so located as not to require an] 

ri equipment, or undue difft ull 
hi making tin- excavations. The tov 
foundation bolts are sel ;i^ the com ret^ 
i- |" >ured \ 1:2: I mix i- general] j 
used on thi piers as \\ • ■ 1 1 ;i> the anchoi 

Vftci .i reasonable length of time is 
allowed for pn >per curing ol the to* 
pii i and am borage i om rete, ill* 1 to* 

ted >»•<' I ig 2 Since i he weight 
and length "I the steel tower legs are nol 
excessive on the smaller bridge, the) 
shipped as one piea The t«w«t l« 
i .in -iili. i be erei ted separate Ix and 
latci i oiuii ctcd U »l'«-iIm r l<\ th( brai ing, 

i In. m hole towei i an I" assembled and 

ised ;it one * mm I he towei - in 
question wen erected bj mean* "I gin- 

lea mount* I i m thi piers. 

I hi addli . astings maj be boll ed to 
the towei t<»i>. cii hoi before oi afti r lb? 

lal lei i • i : <!• pending up* >n weight 

i lln rigging tilabli 

I hi i two mi. thod 

il\ used in thi i| thi 

I In ill- example l)ri<l 

ihown, I i 2 the 2 in diametei i abh 
\m i. laid i -»n ■" rose the rivei and 

tended If, .in .hi. hi .i.i < l«. -.in Ii 

\ bight i »i i he i able was i hen hoisted at 
i u ii I- - rid plat ««| in tin >addl< 

i 'It- i ibles In mm | i >i>l\ 

ected i" i he am horagi I hi 

poll and ta< k Ii used in • n 1 Ling thi 

lov J i h«' |>i i.l ■. m - used t- 

lioisl i In i ablea »«• the t< w i*t toi 

'ii in t in . i * l . M 

Another method sometimes used 
thai «-l pulling lh m oi 
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anchorage up over the towers and down 
t«. the opp< «ite anchorage. In t l»i^ 
method a pulling-or tag-line equal t<» the 
length of the cable is required and care 
must be taken to prevent an) injur) to 
the main cables as the) are being pulled 
through the saddles. \\ oodeo rollers or 
blocks can be used to prexrni .-hi> such 
injur) i" the galvanized surface of the 
cables. Care should also be taken to 
prevenl the cables from being suddenly 
released ;it the reeling end, and ;» snub- 
bing line with a suitable clamp should 
be pro\ ided. 

I he firsl mentis »ned met hod is simpler 
and safei and is re ommended whenever 
circumstam es permit. I he fad thai 
both ends of the main cable are anchored 
before tension is applied guards againsl 
the possibilil y ol l i unawaj ' ends. 

I he reels on which tin* main cables 
.n e I hi rushed should be pn >pei 1 $ mount- 
ed so thai the) will rotate while the 
1 m is pa) ing off**, or if space is 
;i\ ailable, the cable can be unreeled bj 
rolling 1 In • reel along 1 he ground. In 
either met hod of unri cling, the 1 able 
should be protei I* 1 '! -• as U pre^ enl an) 
possible injur v <>r abuse i" the indh i- 
dual \\ ires and th< sjah anizing. If the 
1 able i> unreeled b> rotation, .1 brake 
should be provided to insure smooth and 
r\ 1 reeling. V strong piece of timber 
i»li' ed 1 a Ie> er undei the reel Qange 
w ill sen «■ such ;i puj post 

The cables are adjusted Bret to th- u 
corre t mid span sag l>> varying the 
length adjustment pro 1 * ided in the 
;ii tached In idge sockets a1 the anchorage 
connd ti >n while al the same time work- 
ing them through the v.. Idles. 1 he 
cable deflection should be checked with 
transit 01 level, i! possible. However, if 
instruments are nol available an ordin- 
al s carpi ni« 1 3 le> • •! can be used to 
obtain a fairlj at 1 urate iSCte tion, by 
mounting the level in the lower al .1 
distant e bekw the center line of saddle 
equal to the no-load deflection <>l the 
cable. When the line of sight, with tin- 



eye placed in line and immediately be- 
hind the level, 1 oincides with tin 
centerline of t he main cable >t mid-span 
the cable can be considered as having tin 
proper deflection. 

I he importance of obtaining th 
correct no-load deflection of the man 
1 ables cannot be emphasized too strong 
K \ lit tie carelessness here might 1 1 
Milt in inability to close, or to properlj 
align. Hie truss system tinder hill dead 
load conditions. The no-load cable de 
(lection should be a< 1 uratelj calculate 
l»re\ ii»iis|\ to. and rL'idU establishe 

during er© tion. tool her 1 onsideratioi 
. ii prime importance at this junction, i 
tower position during * — 1 1 >l *» adjustment 
I he towers maj , «»r may not, be * erl 1 
;it this time depending upon sex era 
gov erning factors. However, the con 
tower position should be pre-calculated 
and this position held during cable ad 
jnsiriH hi \ plumb line from tower to| 
to tower-base is a simple and effectivi 
means of determining tower-position. 

\\ hen proper adjustmenl has beei 
secured in main and side-spans, cabli 
1 lamps are placed on the cables on eacl 
side of the saddle to preclude the pos 
sibilit) of slippage during subsequent 
erection. 

I he erect ion of the cable bands ant 
suspenders can be carried on al the sami 
time as the erection of the floor beams 
and stringers. In boiim 1 eases, howevei 
all of the suspenders and cable band 
are crc ted before anj of the floor systen 

is placed 

In using either method the erectioi 
should proceed simultaneous!) fron 1 
each tower, <>r in a few special instance 
starting from mid-span and proceeding 
simultaneously toward each tower 
I his procedure of balanced load i> very 

important so ;h not to cause :-mv appre 

ciable unbalance of tension and load 

either the towers or cables. 

rower bending should be watched 
constantly during the erection of tin 
suspended system and the predetermine 
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i maximum safe bending of the towci 
should ne> ei be exceeded 

I he spacing of the cable-bands on the 
unaller bridges, when the band points 
are not previousl) marked on the cable, 
should be made • rding to the hori- 
zontal dimensions vrithoul considering 
the ai tual cable curve lengths between 
bands. Ii is good prai tice to mark 
cable-bands positions .mil saddle points 
on the cables ;ii the time the) are being 
measured foi correct lengths al place ol 
manufai ture I he cable-bands should 
be sel out of position and slightlj abovi 
theii Gnal elevation on the cable \\ hen 
the Gnal adjustments are made h will be 
found to be much easier to move the 
bands slightl) down the cable than ii 
►uld be i" move them up the cable. 
I his suggested hinl will prove worth 
ffhile, Ordinarily ;i template is made 
equal in length to the length of the 
horizontal panel spacing, and the use ol 
this template gives .1 temporary setting 
thai i" slightly in advance of the final 
positions «•! the 1 able-bands. 

In order to place cable-bands and 
suspenders, .1 working platform or an 
irrangt men! similai to .• boatswain 
1 haii ■ an be used. I reuerall) a sheavi 1 
mounted on the main cable and the 
platform hung from .1 sheavi I he 
I" ave iv allowed to ti n el on the 1 able 
1 track being controlled b) a< onnect- 





ht*. '• i able* adjusted and clomped at 
tower waddtmm, /><< *>>•>• carrU n plact mnd 
ready for placing cabie bands and iuapand* 

ing rope extendin he towi 

Men working on this lrb\\ elling carris 
1 m then proceed out along Hi** main 

1 able 1 urvc, mej Qg spacings and 

placing cable band* and suspenders until 
the) arc met amid 9pan bj th< wn u 
men from the opposite sidi & I i 

7. 8 and 9 I 1. 
mi thod is ordinal 
ilv used regard! 

• it w het her 1 »r nol 
tin- flooi ■ em is 
e r e c t e d -it th 

ami time as the 
suspendej 
• »n the bridf 

1 ample chosen, 
the strii - 
floor-bean w 

• •1. . ted .1 - 1 * c- 

/ i g f- I \ttt,r *l 

er* 1 Xiorx /"- >« - i •'him 

fra "< each I la 

u ard Hi,./ man 
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tion - 'I i he suspendei s pn >ceedei I IM.it 
i< -I in- of plank - ext endi ag fi "in i »nc II' h h 
Im jiii ti i i he next point w ere used, each 
Door-beam b< ing i ai ried out over this 
temporary platform to its position. The 
i able working platform consisted in this 
i i a lira\ \. plank extending the 
entire width between cables and sup- 
poi ted I'N bent steel frames *\ hich m 
turn were i onn< « ted to tra> elling 
hi mounte I on ea« h t able. 

I h< stiffening ti usses are sometimes 
design* d to take the suspender i onne* 
tion directly . However, on the small 
bridge this conna i mm Is -. nerallj made 

the Qoor-beam. rhe wooden-type of 
~i iffening im employed on the smaller 
bri i usually made essentially in 

fti con l-iric e \\ i i h 

ill' design shown. 

In erecting tl<< 

suspended system 

the deformal i >f 

tli'- i ble i hi \ e 
undei the a »n< en- 
h ate I [i »ad i auses 
thi i u i i.ilK erect- 
i 'I bridge to as- 
sume all sorts of 



' < - "■' Progret tion 
-•' era ti* tn thou ing 
nfii urak distortion ••/ 
> abii • an. I s#* tpen - 
■ton »> item » emuttin$ 
from u /i - u n i/oi r». 
UHiHin § 



/ Ig, 7 Uttttr-hfiirn*. 
xtririHrrx ami iliaurnt- 
als flaring *•!-*•« turn 

Floor pioriking itand 

for i, .•flittix plat- 

fitr lit . 

weird shapes. ( 

I il' «i . Wow r\ er 

when the uniform 
l> distributed dea 
load is ;*ll hung 
the cables and th< 
Door ^> stem retun 
to their j»n >per n- 
specl i\ e cim es. 

The woodei 
trusses (Figs. U 

.111(1 I I Mir i -hrln 

after placing the suspenders, string 
crs, and fl«"»r beams, l«\ starting a 
each lowei simultaneously and pro 
eding toward mid-span. The trusi 
joints near the center points cannol 
fin.ilK lightened until the truss has beei 
entirety i losed at the center. \- I In 
truss i- erected a hump <»r rise in (In 
truss chord elevation wUl be observed 
This hump or rise of the chord reach 
its maximum height at mid-span and i 
should not entirely settle down to ■ 
smooth curve until the full dead-lo 
has been put on I \\r bridge. By placing 
the full dead-load on the structur 
lM-r.nr clu^ini: 1 1 if truss no difficult; 
should be experienced in truss align 
merit, 
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f<w/i a&ou ' ' • « r mi 

1,1 i./ %/#.iri. 



In the ad justmenl of the suspendei i 
mi thcxl rausl be used whereby ill the 
• i ipendcrs will take their proper share of 
ili-- load Si ai ting al both ends, and 
ding tow ard thi i entei of the 
bridge simultane mslj . .ill suspendi i 
ire adju ited \<- gh e i li<- pre letei min< I 
floor elevation and bridge canibi i I hi 
n ill tend to be distorted it an 
equal adjustment is made and il i- well 
to i heck t he bridge roadway v\ ii h i 
instrument. I his should Ed 
Ion the suspenders to < tk<» their propei 
I which is assumed i«« be distribute I 
equallj throughout the length of the 
bridge 

Indiv idual adjustment <>l suspendi i 



.ill \ pro^ idi •! 
i 'i in the foi mi of a 
threaded rum.. . i 
ion thi the 

(looj beams. It is 

vi -II i. . .1 I || 

pendei inil ially 

with .* a ■ 'i u B I 

imount of thri ad 

ii each i onnei ' ion 

r<> pi 1 1 >ther- 

v\ ise w ill i esull in readjustment diffii ul 

ties which might well prove annoying in 

ironing mil. 

\\ lien i he final dead load, including 
the door, has been placed upon the 
bridge, the truss should close without 
diflii nil ) and form ■> smooth cuj \ ii oni 
U iw cr to tow ei \i -i until this ci »ndil ion 
has been attaine I ih >uld the truss 
1 1 in b 1 1 r t . « 1 1 > ttghtene I 

Although the erection, in itself of i he 
small suspi n ion bridge b simple, it is 
ai A to I"' assume I i hat i ei tain funda 
mental rei [uiremenl can be neglected 
w ithout ■ i iming to grid In 1 he Qi 
place, i ei tain i an ful i di ulating, rnea 








t W<»4 bf-oca Sweaer 9 

f'tg. iff i rite's taction oj float lystmm and rriMJwa 



KM) 



«-* £nfl *©J * 




<tf«i«.«^ »f Maw Ay»r«-** 



'i-- 11— Elevation of trust, /Vot6 typtooi ttmher splice in upper chord. 



tiring and marking are required; second- Properly supervised the greenest sort of 

l\. close supervision musl be exercised crew with the meapcrest amount ol 

during erection to see thai the foregoing equipment, can erect a small suspension 

efforts are proper!) applied It is the bridge quickly, economically, and mosl 

planning and supervision that munt, satisfactorily. 
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rig. i: tAtfsc-uit itf fin in I ted ITUM, 



Fig. 13— Deck laid and ftfiMfej cloteil* Voli 
anmuth curve t»f f m i W 
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■ kotd. 

he greenesl - 

Mount i 

a small suspenses 
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How 



<*r 



Bb 

~ 



^ 



is a 



Bridge 



The Cable ke> to bigness; nearly two million and a half tests 

on the George Washington cables— a builder of 

confidence in bigger and bigger suspension bridges 



1 



• > 



I I. L 



is -i bridge? — that 

on i In 



measuring 






.!..«'' 






Some sas ' lie GoHn Gate will be the 
jest; others -;i> the ' ieorge Wash- 
ton will ^till |im|.| i(s Qrsl place 
in suspension bridge For the third 
ili> e the Embassador and the I Delaware 

\'u- li-r mm |m -lit ion, while for I In* l< Mirlh 
place, the Delaware, Brooklyn and 
M. mil. iii. in hridges are contestants. 

Bigness in suspension bridges, there- 
. I- ,i matter of the fai tors pi< I 
Mir measuring. 
Suspension bridges are ' built-to- 
order"- — buill t«» meel local traffic 1 1 »n 
ditions, present and future, and everj 
such bridge is a designing and construi i 
problem unto itself. \ problem foi 
the traffii . bridge and - able engine i 
the geologist and financier tosolvi 
With ilif historical Brooklyn bridge 
i starting point in big suspension 
Ige eai li bridge since then has been 
buill big to meel some local traffic 
mdition linger f Kin the previousl> 
traffic-mo^ ing facilities, and » 
look into the Future for how much bigj 
to build to meel expected traffic require 
oienta But, whal is bigness in suspen 
d bridges? 

If we take the popular « on i p 
uon length-of-span 1 . as our measur- 
. the new < H.M. 'ii r (ate bridge 
takes first place, with its L200-ft. main- 
span and its total length of each « able 
•' ,l 'l feet, anchorage In am Imi 
[Graph B) page 104. To the cable 
manufacturer ii means ;i far different 
blein than a shorter main-span with 
a heavier load i<» carry, as is the case 



with the ' ■ u ashington bridge, 

in second pla< e with a 3500 fool raain- 

in and 5212 feel as a i uble length 

am h< »ra to an* I i 

(2) H we take "diarai ter of i ables" 
Graph ( page 10 I. a the unit of meas- 
urement i "t b ■ , 1 lie i !old< n i Jal 
\ v ii h its ''' g in B diameter i ables as 

tmpared with .'.'- in r«.i i h.- i .. 
\\ ashington it is still i he I 

3) Bui ' length ol mai in ' ind 
diami ter-of-i able" onl} a pai > I 

Mm- piriun* <if bigne 

(4) To express ize" in tei ma ol 
"t«.i .1 stn ngth-of-i i "{Graph I > 
1 06, gh es i more - ompleti i ph lure 
in comparal h e bigness, foi ij h term 
inologj is iin luded the requirements ol 
not onl) length, but « idth, trail 
1 1 [uiremi nts, and addil ional lanes or 
de< ks, f( »i future need 

I In ii l-'i n - look at the most pn >rai 
in iii i Ii in* nt - of the mpanj u 

pit i up ol i Ii i W ashington 

1 1] idg< t he Pouj ma « ■ e parallel w ire 
i ables buill R >i i total strength ol 
350,000 (or 87,000 ions per cabl< 

to meel the hes ti affii -demand - 4 
iiMla> and a look into the future require 
ments in one of the most thi klj settled 
areas i the woi Id, therefoi i tud> of 

I iraph I > in o tmparison w ith < Iraphs B 
and < enables us in I »* • 1 1 . r apprrriaie 
the bigness of these two sup span 
i u. iiii.-s. ,1ml the relath e position of 
the other eight in this group ol b 
hridges. I In- '• n bridges with I ftbl 
strength «•! 25,000 tons and over have 
been selected for thi> ■ i»m| \ 
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Ths l"t,r \faseive Cables oj th* George Washington Bridge. 
Hou U BIC" U a Bridge? Is th<- Cable the r „,r „/ Measure? 













:- 




; 




::- 












: 




Y 




\% 




:. 








- 












- < 









- 


1 




• 




- 


: 




S* 


/ 


< - « n 




IF K " - 


• 


- . _ - 


7 

* 




/ 


:^ 




z 


• 




• 




•■ 




• 






< 


■ 
- 
• 


u 


- 


Z< - 




uu u. 


■ 




I 

• 
• 


B 

< 
1) 


• 




< 




' 




■ 




• 




* 


Z 


• 


Ik 


* 


zz- 




! 


- 


' ■ 




1 




H 









Q 




E 









u. 









I 




Id 




5 




< 




2 




£ UON 




In: I 













^^ i i 


cm 


o 


o 


o 


o 


© 


© 


© 


© 


© 






r w 


o 


o 


in 


o 


o 


© 


O 


o 


© 


O 






t- d 


in 


in 


r* 


o 


» 


co 


N 


in 


<o 


in 






y u 


to 


r^ 


to 


en 


co 


CJ 


•- 


^ 


en 


CM 






at 


CO 


CM 


in 


<N4 


eg 


"~ 


*~ 


CO 































% C H 


























1- ui 
W Q. 


























»* 


** 


' - 


W* 


1- 


^ 




a= 


— 


& 




















■* 












r 


























h 


























w 

Z UJ 

w J A 

CO} 

h * a 
in u 9 


«* 


o 


o 


o 


O 


o 


O 


O 


o 


o 






o 


© 


o 


o 


O 


o 


o 


o 


o 


o 






o 


o 


in 


o 


CM 


CM 


CO 


o 


CM 


o 






ro 


o 


ro 


CD 


N 


O 


«T 


en 


en 


in 






a> 


in 

CO 


m 




*T 


CO 


^ 


m 


- 


N 




h 
























M 


-i j 
























W 


h < 

E S 
























E 


** 


- 


c 


- 


i. 


•- 


=c 


9 


•» 


» 
•* 


£ 


























^ 
W 


o 






in 






in 




m 










z C 

< U (/> tf) 

- h UJ UJ 

M I W J I 

D D 


m 




rNJ 






r* 


in 


r* 




in 




7 

z 

r 

7 


(0 
CO 

N 


to 

CO 


O") 
cM 


o 

co 

N 


CO 

CM 


<o 


in 


(0 

mm 

1 


© 

CM 


(O 


J 


7 






















* 

r 
■ » 


z 5 


*- 


' i 


■-. 


•a 


i , 


c 


■— 


ac 




?■ 




^ 


























■^ 


„_ 
























-* 


























«■ 


























* 
* 


< 


* 


CM 


ffi 


o 


O 


in 


CO 


CO 


^ 


CD 








O) 




r^ 


*T 


^ 


CD 


r^ 


r^ 


CM 


•■ 






(0 


CM 


<0 


in 


10 


en 


in 


04 


CM 


I s * 




= 


r* 


m 


co 


co 


CM 


CM 


CO 


m 


fO 


CM 


CD 


■ 


Id UJ "■ 
CD 
























*i 
























z 


< T 


■* 


- » 


•^ 


»o 


C 


as 


»■• 


c 


1 - 


9 




-' 


U 
























-^ 


























A 




















































^ 


z 


o 


O 


o 


o 


N 




(0 


O 


O 


r> 




s 


K A- k 

Z Z w 


o 

N 


o 
m 
co 


in 


in 


CO 

10 




in 


O 

in 




o 

fM 


CD 


4> 


3< 














































- 


5 


*• 


M 


•» 


** 


■" 


c 


i. 


=c 


■• 


■^ 






























*»» 


























- 


c/) 

UJ 






z 
















rj 










i- 
z 

T 
U) 
< 






Z 












I 






IT 

CO 

b. 



(A 

u 


UI 
h 
< 

z 

UJ 


IT 


< 


UJ 

< 


< 

h 
Z 
D 

2 




z 

D 
03 

< 


Z 

>■ 

-J 





Z 



if) 


D 
I 


Z 
< 

h 

< 

I 

z 
< 

5 


IT) 

Z 
I 



< 
IE 


UJ 

u 




1 


a 


• 


< 


< 


a 


j 




™) 






< 


j 





ffi 


J 


< 


J 





. 






z 





w 


5 


UJ 


lu 


^h 


z 


i 


h 














< 


Q 


03 


§ 


m 


cn 






£ 3iON 


o 


CO 


r* 


m 


*? 


CM 


- 


(0 


ro 


en 





- 

- 



— 



u 
- 



g 

*2 



- 



n 

- - 

— i 5 

- - 



ft 

■ - 

^ — 

» o 

•- c r* 
<^ - - 



— M W •»■ 






-..- 






* 






• •«' *- «K>V* 















- 



MO ••» 1M0 























105 




4000 4500 5000 5500 6000 

1 I I I I I I I t I 1 I I I I I I I I I I I » I I 





nc 1*4 •*n"5cMpmi h 1*ngth of 



Wain Span and Length t>f Cobti 
Bottom tit! ii re and bottom bUrk tine indicate length of cable fi QCbor&gc to a"r> 
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So our conception of bigness depends 
upon what elements of the picture we 
select fur comparison [Graphs /*. ( . D 
Studying fable t,page L03, we find some 
u\ tin n • ins for the diversified opinion 
tli.' hiiftifsMif thr six bridges refi rred 
ti» in i\w opmin^ paragraph of this ar- 
rn le and w e see a i hanging ol plat i 
*■• consider them from different * lew 
points. With "length-of-span' foi oui 
yard sti< k I Fable 1. column q the im 
bassador bridge take? third pla< e, and 
remain - there when ' total length «>t 

ible" \s i < insidored ' Fable \ < olumn b 
hui when total itrengt d ■ ■! cable 1 all 
cables "i ■< single cable) i> taken as the 
measuring unit, il drops to sixth and 
fifth I'Ik < . respei tivelj . and the I >ela 
ire Rivei bridge, bei omes third 
among the bi i and old Manhattan 
on a * a up from ninth t« i fourl li plai I 
Bigness, therefi >n ' ui< » -*ur«J in 

i able i rength ' w hethei we i on udei 
the total strength of .ill i he i ables m the 
bi idge as the unit m i ingli lI >1i 

\s this appreciation >>\ bigness grips 
'•in imaginal ion .ni«l «•• n ih/<* that 
wires of less than I 5 of an inch L95 in 
ire the suppoi tin*! medium, it i- not 
surprising foi manj to wi mdei whal kind 
■I n it.' was used, and is l» inp u sed, to 

ins such increasing loads thai repre 
sent hi increase to approximately 860 
i" n i nt in bigness, in tei m of « abli 

rength, from the building of thi 

Brooklyn brid i to thai of the i ge 

u ashington and < iolden I ••»'> bridi 
i o t hat the wire, buill up w ire b) 
vMi-- to i able diameters oi 10 in 1 1 36 in 
as illustrated in < Iraph ( i ma< l< i i a id 
open hearth steel, means little to tl 
avi rage ' bridg er", bul when ■■ 
tlize thai it is this u id ti -l" -an 
expensh i grade of steel i hal continue 
to be used with sui h &u< < ess and safe! j 
thi i i buill up in tin publir mind o 
mfideni c in this steel P u 

li is rather significant, too, thai 
bridges of this group are .ill a< id steel 
cabled 
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The n a >n i I ilivti^ion 

here, so lei us leavi thi ' whj " to the 
metallurgist and the steel manufacturer 
who ha b en building thes md 

turn oui thought to the - are th il 
gh en i his ver> tmall diameter mem 
I- 1 i li it has buill up such confiden 
ispension I 

N ■ single el< ment, oi m< mbei in 
bi idge building n I he closi • ' ten 

i ion, ti i ind in jp« tion thai i 
to the v\ ire from i <v\ material and lug 
to fini (hi I n in ble W hili 

■ .in u of thi enormou ml il i ma \ 

t lunk in terms of ma pi tdui tion, thi 
steel rtai I in thi furnai e in small li 

Im i 1. 1 , outrol i^ qualil •. tr I b 
t ime thi Gni « u i ha been laid ii 

trand and the itrands into i ables, 
pra« 1 1 illj »'n ei j foi »t ha une under 
thi trained • the m< the 

SMI- spinnei and the in , 

Taking the * ii u i \n ishin ton bi I 
thi bi -t bridge buill t< i date « ith i 

■ hundred an I fiftj milli< 
..! bridge w ire a in exai 

considei a of the factoi itering 

mi. 1 1 bi ni. inn) i. t ore ol the I 

ing the w ire bai I. U \ thi ial 

and up tl h the man) proi i 
Mi.ni'it.x turi i a tabulat ion of 
inspection mi »un1 up to an 

- 1' 1 1 1 1 _ In thi 'iii|n 

lions we find yi o- literal!) compressed 
ini«» minuti , during ' hi 
manufai tui ind results ' hal 
usage r ould onl) pai tiall bul 

hei kin - 
mean much fi n the ull imate sal :*<! 

i i infidence in su »n l>ri.i I iry 

shipment of ra w material musl \<< 

carb w *ilii on, \ I 

phorus and sulphur ; 
corre i entagi a ol t hesi elements 

an in each b it h I 

the t'ii i i _ uniformity in 

phj and chi • i pertii 

I ii. i, in n n hearth 

im oai ■ ' he rnetalit impli 

oi di n I) ' hi 

ph\ sical requiremenl By tl 
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metal contained in these heats reaches 
the blooming mill in the form of 27,000 
ingots, three additional tests have been 
madi ol i ach ingot. Here the ingots 
are multiplied into 1 00,000 billets and 
1200 more tests ar< added. 

In the rod-mill the method of count- 
ing < banges, we measure bj 'miles" — 
the billets have changed into 160.000 
coils, or 34,393 miles of rod requiring 
320,000 tests for uniformity in tlnYk- 
ness. et Then through the tempering 
and cleaning shops- and here another 
"i tests i* 'i ph) o< il proper! ies, 
adding 25,000 toi mr test figures. Then. 
when these rods reaeh the wire mill and 
are drawn into bridge wire — through 
several passes <>r reductions, (through 
dies for the gradual reducing to the 
required wire -i/<- the total count of 
•il> decreased a trifle below the 160,000 
Jlowing for Ihe tesl sampling) and the 
n. ire shows over 104,000 miles of 
iri from whii h tesl samples are taken 
from Id.- "front and hack ends" and 

tested for diameter, ultimate strength 
pei wire, 01 ?\n<> tests for each sampli 

adding another <>in tests befon ^ 

■->< h the galvanizing shop, 
In the galvanizing shop the coils of 
wire are watched sj stemati< ally and 
tested foi possible imperfect galvanized 
' • o\er - 01 low ultimate 

trength, adding more thousands to our 
its. 

Ifter galvanizing, a systematic selei 
tion ol tl >ils is made and again 

tmpled on from and l*a< k ends and 
tested for pounds pei square ini h at 0.7 
r at of elongation, and bending; the 

■'h'' 1 sttx k of the coils, both ends, are 
then tested for aetei ultimate 

' i w ire ultimate strength per 
x, i inch; per cent maximum elong- 
ation in ten inches whi< h when com- 
idd> !,::nu.uii(i totheUsl column. 

In the reeling shop the thousands of 
miles of wire reduces t<. 3.873 reels as 
the ends are 1 oupled together — with an 
espei ially designed coupling -and th> 
tests for the splices required to insure at 



least 95 percent of t 1m- maximum ulti- 
mate strength of the wire, adds 150,000 
handlings and 15,000 additional tests, 
id the wire is ready lor "spinning. 11 
Igain the care in handling every opera- 
tion of the wire manufactured i< noted 
in the uniform tension with which the 
wire is wound on the reels, so as not to 
cause cross turns of wire, with the 
[x risibility of kinking and breaking 
during the spinning. 

At the bridge site these 3.873 reels 
(1 12.2:2 feet each or total of 551,021,260 
feel are reduced to 105.806 wires in the 
main cables, or 26,171 wires to each of 
the four cables, 434 wires to a strand, 
and 61 strands to each oft lie four cables. 
Every wire lays parallel to its neighlior 
and at a predetermined sap, so that 
when the cable is finished the) all carry 
an equal load— and nol a fool of the wire 
in the spinning process is missed because 
it is one continuous inspection. 

I hen, the suspender ropes, thirty-five 
miles "I finished rope, representing near- 
1> ten thousand miles of wire, which is 
tested in the coils in a similar manner to 
the bridge cable wire, pile up another 
1 13,000 for 1 he test imputation. 

\e;irl\ 17,000 testS are required for 

over twenty-six hundred miles of cal 
wrapping w ire 

[Vearlj two million and a half separate 
cha kings, inspections and tests and the 
cables are read) lor their load in the 
"hi suspension bridge Is there .« 
wonder then, that we continue to build 
"bigger" and "bigger* 1 bridges and 

depend on the cable of acid-steel u in- 
to carry the ever increasing loads? 

The cable, then, is the /.<•> I I big- 

ness" and with the minute and extreme 
care with which it is manufactured, it 
seems that we 1 an -.till build « -abl. 
longer bridges with still heavier trail 
\ natural question, then, is— how "big" 
will the bridge of tomorrow he? 
Ihe answer awaits the requirement — 
the demand of 'local" traffic con- 
ditions 
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Cutting Ton-Miles 

With $horl<>st-Liuc Transportation 




NOT w i I h s I a q ,f i n g |) IH - Mlf 
Einstein's bewildering theory of 
relativity, there is still a rath* i 
ii. rally accepted belief thai a straight 
line is t he short. st distant <■ between two 

i tints. In rhr airplam- ii jn nol speed 
alone that 
mis down 
time l>« 

minakit is 
also i I n 

ibilil \ in 
follow the 
mostdira i 
ite The 
airplane is 

not ;ul.ij jI - 

b ble i o 

1 1 haul 

- hea *. v - 

M it a ge 

ni iterial 

\ emenl problems, l»iii there is a 
Straight-line type <>f transportation that 
fe pra< tical and economical. \ glani e al 
the landscape, pictured on pages 110 and 
II I, illustrates thr pr..< ii< ability of the 
tramway. 

Here wr ha\ *• a ruin. |.m ated about 

two miles from the main line of a rail 
iraj which parallels a paved highway 
*hich in turn follows the river. We 
shall assume, for the moment, thai no 
1 dwa> or railwas exists on the far 
bankof the river, and thai thedail) oul 
put of the mine is 1200 tons per eight- 
hour day. Our problem is to convex this 
material from i he mine lu i li«- existing 
arteries ol transportation and to do to 
hy the most economical method. 

1 "n.Tiilk p. »k jn^r. we have a i hoi< e 
ol three methods, namel) : 

i Railwa) 



/ I,*- .,.*/ p*r ton tranaportodoflmn roprmirnt* ''..- dljjvrma 
botweoen profit and fa** flu- ferial Ron* Tramway 

rill* titri.iinli •* 



(b) Trucking over a highway, or 

\n aerial rope transpoi I em 
common I > know a as i ti unwaj , 
1 . I - i r a i Costs 
First, we anal\/> tin pi.. Idem for hi 
I foi \n\ • rted i apital Stai ting a1 

i he \i m ei 
l.ii hand 
coi ner 
oui pi< * mi ■ 
f i ii <l 
r h a 1 
bridge 

in ■■ 

i eith 
highway 
or railway . 
Then lim- 
it ing our- 
i ii 

i onable 

..]■ 

trail 

trucks, we begin to wind -ill over the 
map. cutting, filling and bridging i 
go. Vfter seven miles of this b> the rail 
route m urrive al the nun.'. I he high- 
way Wi >iil. I i ni this distant e down to 
four and one half mile I he i ramway 
• ut 3 the distant e to tv\.« rnilea and -li- 
minates all bi id; i ind gi iding 

2. Operating (lusts 

Now, intJ i >nd plat e, what aboul 
operating costs? Over the railway we 

ni'.\' ;; io0 ton-miles i ■■ 1 1 

highway with a fleet of trucks i ul a thi 
to 5, 100 I -it milt J- i the 

1 1 imwa) figure h 2, 100 too miles \ 

\ml n bal aboul the return to the 
mine <.l the empt ied carriei ' V long 
uphill haul Foi empl f tru tnd emj I 

u .i useless c\ pi ndit hi e ol p >wer, 
Pi 'i on i he t ramwa s the grax it) p ill of 
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The motor transportation cut* this <•> >"•"" ton-mile* pel day, and il>> 
tramway further reduces >< '•• 2,400 ton-miles per da 
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the loaded buckets is helping in the re- 
turn of tin- empties. Ice, snow, sleet, 
01 rain may seriously interrupt train or 
truck service, but these elements hold 
little or no terrors for the tramway. 

3. Upkeep and Replacement 

Costs 

The third consideration is upkeep and 
repl ■i<'-raent cost-. We wont go into 
actual figures, but if the tramway i> 
properly designed, equipped with suit- 
able ropes, and given a due amount of 
intelligent care, the maintenance costs 
will compare most favorably with that 
of railway or highway and truck. 

With the above thoughts in mind, 
ii Id n't you at least consider the tram- 
way before reaching a linal solution of 
your problem? It is a surprising fad 
thai in verj fru transportation prob- 
I. im> the tramwa) is investigated. This 
i- qoI the fault of tramways. Engineers 
o. thoroughly familiar with railway and 
highway problems, and yet because the 
tramway is not so well known to many, 
it i> often thrown into the discard with 
no consideration whatsoever. But in 
doing so, opporl unit} after opportunity 
"i solving the transportation problem 
to besl advantage, is being overlooked. 

there are several types of trarnw ays 
with capacities ranging from three tons 
pel hour to 150 tons per hour \'>\ 
doubling up or multiplying the tin 
the tonnage ma) be increased accord- 
ingly. The tramway, of course, has its 
limitations, but its mei its are nol given 
due consideral Ion. Even in cases where 
highways and railways are m sen u e, 
i ramways have been built and used al 
substantia] saving because of the low 
operating • < ®1 

[f you have a problenH&volving a 

s1, --*d\ il-u of material over distances 
mi a few hundred feet up to many 



miles, don't satisfied with your solu 

lion until you are convinced that tin 
tramway is not best suited to youi 
needs. 

The tramway is largely a cable proh 
I- rn . and like other problems invoh 

the use of wire rope for the transports 
lion and carrying of loads, their Ameri 
i an genesis is found in the work of Job 
V. Roebling, founder of the John A 
Roebling's Sons Company. 

With particular reference to aeria 
transportation we quote from Oufspm 
n ing (he Spider — "Persist en tly mill 
tant. from the day of hi> first achieve 
nn'iit. in the promotion of wire rope 
John A. Roebling was the first enginee 
to introduce into America the novelty o 
a wire cableway, which with an in 
genious carriage he employed t" trans 
port across a river the materials h< 
needed in the construction of a bridge 
This method (if haulage, over stream 
and gorges, down from high mountains 
to cars or boats in the valley below, u\ 
from the deep-sunken beds of rid 
placers — everywhere and in all sorts o: 
places where Nature seemed to have set 
up impassable defense against those wb 

would take away her treasures — cam- 
forthwith into widespread use, and u 
among the handy tools of engineers 
throughout the world today/ 1 

The increased need, today for cuthn*. 
Inn-mile cost opens up many possibili- 
ties for a wider use of the aerial ropi 
transport system, commonly known a? 
the tramway. The data to be colled 
i^ very simple, and a tramway enginee] 
needs onl\ to know the capacity re 

quired; the nature of the materials to b< 
transported, and the power available 
together with a simple profile of tin 
ground between terminals, to enabh 
him to give suggestions that may leao 
to substantial sat ings in productioi 
costs. 
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Selecting The Right Type 

Aerial Wire Rope Conveyor 

Soring time and expense in transportation of materials. Six 
types of aerial conveyors thai cut ton-mile costs. A type 
for the economic handling of materials over ft 
few hundred feet to several miles. 



^HERE i- such .1 n idc variation in 
the requirements of \ arious under- 
takings such as mines, quarries, 
industrial plants, building, bridge and 

mluit construction, shipping, eti 
tint 5 r\ i t;i I distincl I j pes of truinwj \ - 
an-l cableways have been evolved, rhe 
principal t \ pea are : 

/• The Single Rope Fixed- 
Clip Tramway which runs at 
low speeds with small loads. 

2. The Monocable or Single 
Rope Saddle- I lip Tra m tray 
which runs at spee<ls up to 
500 feet per minute with 
capacities up to 250 tons per 
hour on single lines. 



3. The Bicable or Hon hie 
Rope Tramway which has the 
sunn- speeds as i Ii4> Mono- 
cable* 

L The J i i> h u c /. or I WO- 

Bucket Reversing I ra m u ay. 

5. The To - a // */ - / / <> or 
s i n gle- It tt c he t Reversing 
Tramway . 

6. The Hoisting and Trans- 
porting Cable way 9 having a 
reversing carriage provided 
with hoi stint: and lowering 

facilities nt the carriage. 

The prospective tramway usei should 
not decide up >n in) one I j ("• until be 
has gi> en i areful consideration to tin 




Hg. 1 — Typical \tofiQOahle Tram nay — Viru i»n /i»ir. 
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/«*. 2- Typical Terminal ••/ Wim*i*-ahtr 7Yami#<i> 



iim i its and limitations of eai h as 
ill. . i [ng his particular ti anspoi tation 

iblem. 

I . I In- Single Rope i j \.* ( |-< lip 
I Miin\;i\ consists of an endless rope 
ha\ ing buckets 01 < arriei s fixed to the 
n ipi it intervals. I bis rope pas 
around ■ ■ horizontal shea^ e al each tei 
(niii.il and i provided with driving geai 
and ;» constanl tensii >n de^ I I hi> 

i ype of 'i iim\v..n i- used for the trans- 



port of bananas from various points u 
the plantation to ill*- railroad or steamei 

It niii> be loaded ;»f any |><>inl un the lint 

;iv the speeds are low and there is n< 
a© essil \ to stop the carriers in order t< 
load thrin. This type of tramway i 
also used in plantations for transport 
bags of coffee, cocoa, cotton, fruits, ruh 
ber, sugar cane, corn, etc. Such install 
ations can be fabricated, shipped a 
• i ected for as little as $1 l.oou pa mile 
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fiie- i />/iiVnl Terminal of Blcabl* l'ranum\ 



lii the i iseof a banana line the bunches 
can be transported at an operating and 
maintenance cost of one- tenth of acenl 
r mile per bunch. 

2, The Monocable Tramway. 

throughout the world, is generally the 

t widely used form of tramway 

today. I* will operate on grades up t<» 

1 in 2 or 50% and single line capac- 

np t«> 2.K) tons per hour in ea< h 

direction. It ran be operated in single 

lions, depending on capacity, up t<> 

lf» miles in length without intermediate 

statin M > or tension points Ir < an be 



LOADING TIPPLt 



operated in multiple section- withoul 
transhipment up to any desired length. 

There is a notable case in Colum- 
bia, South America, where the line is 
17 miles in length, and carries genei J 
merchandise of all kinds, including n 
ular and parcel mail, gasoline, mach- 
inery, di ) g Is, foodstuffs i offi e I ■ 

Other monocable lines under i on- 
struction and partly operating will 
have a finished Length up to IT" mil 
passinp o^ 1 1 »m< of the densest junglt 
and swamps on the Pa< ifi l md 

ovr m.in.- of tin- L'ir;itesl rang* a and 







Kg. 5— I Jigback Trvmu+y* I I Ta+nd-Frv Tromumy .* limilor, r«r*-,,r that 

thvrv if unc Infk and "*««• Ittuket 
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Fig, t> — Loading Terminal 

,./ Jigback Tramu 03 



canyons of the Vndes. These mono- 

1 able installations can !-•• furnished 
and erected for ^ little ;i> $15,000 
pei mile, for light capacity and long 
lengths. Essentially the system 

i onsists i if a m<>\ in:: cndlcv> rope 

which supp 'i i s and hauls the loads 
at the same time. \l the terminal 
and angle stations i he loads auto » 

m.iiK all> l«'.n e i he iiion inL r rope 
and pass on to an overhead rail* 

At this transfer poinl the rope and 
i ail •"• parallel and i L< »se to one 
am 'Hi M< i detaching n< >r at- 

ta< hing de • u e is ne< essary, nor 
Repressions io the rail. The Mono- 
i able has been generally found to tu- 
rn i i economic al in cosl of installation 
and operation, produces lower ton-mile 
i osts and -.■!■ i operation, less delays in 
Funning repairs and ;i less highly skilled 
i" i - -nii'l. Morever, the main rope, 
I- mil* in constant passage through the 





terminal stations is kept under close one 
rigid inspection at all times. Lubric 
ation of the rope is automatic an< 
simple. I In' cars are very liyhl am 
simple in construction having less tari 
oi non-paying) weight. These mono 
cable* arc sojsafeand simple in opera) ioi 

that they are used for passenge 

service 

3. The Bicable or Double-Ro] 

Tramway consists of a standing 
track cable and a moving endle 
hauling or traction rope. In certaii 
special cases, such as excessively 
steep grades or excessively heavj 
unit loads the Bicable may be de 
sireable, but normally the pi 
majority of tramway requirement 

are best served by the Monocable. 
In the Bicable station there is 

detacher and an attache? which de 
vices serve to open and close th< 
car-grip on the traction rope. A 
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<j ruk, "wiiiL' i" the ft ict ion •»! the still 
track cable «>\ er the tower saddles, eh . 
the track cable is arranged in s«vii*»ns 
od i ounterweighted al e\ t»i v mmio t,, 
7000 feet. 

I rhe Jigback is a Two-Bucket 

H. in i sing I rarawa) usually applied to 

hillside operation lor mine workings. If 

the loads po down lull the line will, if 

sufficient grade operate itself bj 

ivity. In this case no power is re 
quired and a brake is employed for 
i ontrol purposes These ji_'l>n ks oper- 
ate « ith unit loads up to I" tons per 
trip, and consisl of a pair of track 
Mr-., a traction rope and a tail rope or, 
prai tically, an endless traction rope 
fixed to the two buckets so thai the 
the loaded bui kel going down hill pulls 
the empty one up hill. 

I he |'i i and |- i . . « >i 

Single-Bui kel Reversing 

1 1 niiwav consists "I B 

ingle-trai k n >pe and a 
»le 1 1 a< i !• »n rope oj »er- 
ated «»ii a winding 01 
hoisl drum. This system 
i-. suitable for light loads 
up to 3 ions im inter- 
mittent working on a 
hillside. 

6- The Hoisting and 
I ransportin- * all w i> 

is a toand-fro single 
in iage system but has 
in addition a hoisting 
rope for picking-up and 
depositing transput i«'<| 
loads. To carry the 
slack in the hoisting rope 
a system of eq u a 1 1 \ 
spaced carriers is em- 
ployed, hanging on the 
track cable, and spaced 
b) various - sized but 



tons on a taul button rope a< ro 
the span. I hese 1 ableways ai 
i.dK used for the - onstrm tion of dam 
bridges, d.i< k and harbouj work a and big 
buildings - oaling of ships; loading and 
discharge ol general - argo From ini 
uring of concrete foi the foundatii u 
of large buildings; placing 1 »1 steelwork 
membi 1 - rn i< hinery and Qooi Ing on 
buildings, wareb »us e . do< k s, piei and 
bi Idg) I he cablewa) has been used 
su< fully for man) ) eai on ome of 
the foregoing cla of work, but the 
merit ol this highly useful piece ol 
handling equipment have not yet been 
full) n 1I1- 

I his t\ pe is furnished with a b »th 
towers fixed; (6 one fixed and one 
travelling radiall) both travellin 



,nfl' 



Fig. B—.i Hoimtingand 
Transporting f«M*ira>. 
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Cableways have been installed up to 
3000 foot span. The unit loads to 50 
tons per trip. Designs have been com- 
pleted for a cablevvay to transport a 

150-ton unit load. 

Six types of tramways — which in 
themselves, or adaptations of the prin- 
ciples involved, constitute economic 
transportation foi man) industrial and 
construction projects. \ careful study 



of I his group will show where aerial rope 
transportation can be installed and 
maintained at a considerable saving over 

rail <>r high-way methods which require 

building of road-beds, bridges, etc, foi 
tin moving of materials over distances 
of a few hundred feet to several miles, 
from the soul -f raw material or 
plantation to the processing plant or 
shipping point. 
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The Sky-Ride 

Some Design Features 



THE Sky-Ride, which transported 
approximately one and a half 
million passengers during t he 
Exp >sition *' A < lentury of Progress", 
held in Chicago, Illinois, in L933 was 
.1 unique structure from man) angles. 
If m;i\ be termed a cross between a 
suspension bridge and a heavy-dul j 

tr.tm\\.i\ . lor it partak* - >!' I In* < h;»r- 
acteristics of both. And yet, like all 
hybrids, it has certain distinguishing 
Features which are peculiar unto itself. 

I igure 1 shows the general arrange- 
menl of towers, anchorages, cables of 
th*' suspension system and track cables 
oi the Sky-Ride proper. The sole func- 
tion of the suspension system is to sup- 
port the track cables on which travel I he 
so rullnl "rocket cars/ 1 For reasons of 

tnfort to passengers, to reduce pown 

(onsuinplion to ,i minimum, anil, as a 

re [uirement of safety, to eliminate 
excessive grades, it is evident that the 
path of travel of the cars must be as 
Dearly in a horizontal plane as is prac- 
ticable. 

I »l coin se, the introduction of a 
stiffening truss, such as is provided on 
the conventional suspension bridge, 
would have solved this problem nicely, 
bul the addition of such a truss would 
have increased the cost of the structure 
manifold. To meet these requirements, 
and to do so with some measure of 



economy, an entire \^ ne\< suspension 
system was devised. 

I he track - ables ma> be i onsidered 
as tin lower chord ol a triangular truss 
(9 East I -9 West), all members of 
R hi h are in tension. I he top ch< »rds 
are t he two ■ ables (1-9) and the 
diagonals are the track cable suspen- 
ders (1-200), (2-100). etc. The 
apex of the triangle is sup] 
i he main suspension groups I LI) and 
the i ables forming \\u- » *■■ > U-is< are 
supported al intei vah by the sta; 
(2-12), < I 1 1), etc. The behavioi ofthe 
triangle under the moving concentrated 
loads is substantially (he suin' < russ 
suppoii< ( | al the two ends (9E and 9W 
— and entirely different behavior from 
that u hich is characteristic of the 
stiffened suspension bi idge. 

\.» .ables or groups ol - ables are fixed 
or dead ended to the towers. Ml va 
t ical reactions from the suspended 
■ s stem are transmitted to the tow< i 
through links and pins so thai practi- 
cally ii" unbalanced horizontal force has 
to be taken by the towers, othei than 
the v% iinl load on the tower- themselves 
and suspension system. The resultant 
horizontal component from the main 
suspension group (1-11) and from the 
diagonal stays, is carried into the main 
backstay group (13-17) which is in 
turn secured to a fixed gravity type 

anrhora^i* (17). 
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It will be rioted thai the cable 
nip (11E-1-9W ) carries from the 
top of one tower to about I In* 2(M» 
ft. level on tin* other tower, in prac- 
tically a straight lim*. Here at point (9) 
it join- with tin- track cable jrroup and 
the resultant horizontal component of 
both groups, is carried through a link 
supported tension member to the lower 
backstay group (10-15). This group 
terminates, not in a Gxed gi a\ it \ 
anchorage as did the upper group, but 
in a rocking gra\ ity anchor;*-.' which is, 
in reality, a counterweight. So, regard- 
less of suspended loads, wind conditions 
or temperature changes, the tension in 
the lower backstay group | in 15) 
remains . -. mutant. 

I In horizontal component, there- 
re, al point (9i is. within \er> narrow 
limits, a known and fixed quantil \ 
While it is difficull i<> * chase the 
stresses around" through all the cables, 
ii can be readily appreciated that 
with constanl given horizontal forces 
applied at point. (9E) and (9\ft , the 
determination of -tresses in all members 
of the systems, under the numerous 
different loading and temperature con- 
ditions, is ^fr.itK simplified. 

With this brief description of the 
suspended system in mind, it is pro- 
posed to digress for a moment and see 

wli> this particular design was adopted 

and how the stresses in and the sizes of 
the various members, were determined. 

I he choice of the suspension system 

and its ramification* neccssarih de- 
pended upon past experience coupled 
with present requirements. V lot of 

time can be saved if a solid knowledge 
I lie fundamental* i- at hand. 

Before arriving at the final design, a 

series of suspensii m &j stems was evolved. 

h scheme had it* merits, hut stud> 



eliminated all but four. Approximate, 
but still extensive calculations were mad< 
and by this means the Geld narrowed 
down to three possibilities. To facilitate 
a lull comprehension of the problem, 
approximately true-to-scale models were 
built . With thi* mat i ial available, 
observation and st udies eliminated all 
but one *y*tem, and this one. in prin- 
ciple and appearance, i^ thai of the 
present Sky-Ride. 

The fact that t\ p< aid general n 
quirements were w »w known, made 
possible the preliminary design of cei 
tain governing items. For instance ii 

I.e. a me feasible to incorporate the 

counterweight, because the models 
showed the necessil v foi an approach to 
a constant tension s> stem. \ ^v stem w 
required that would induce little tower 
motion (it should be remembered that 
there are two heavy duty high speed 
passenger elevators serving the top of 
each tower) and one thai would mini 
mize temperature effects It was also 

determined that lour separai is- 

pension systems, ai ranged in pairs, 
each pair supporting foui track cables, 
would be desirable. 

Vtvi irdingly; a new model embodyi 
i hese principles was built. I he ne* 
model was nearer true to scale than 
had been possible befoi e. v i<"-> of 
strand and pei missible weights of i ars 
having been determined, reading'- "I 
stresses and elevations were obtained 
from the model. I hese elevations wen 
taken aftei the model member- had been 
so adjusted thai when a load, equivalent 
to a loaded car, passed through a sus- 
pension point, that point would defle 
into the same horizontal plane as thai 
which all other points of support on the 
track cable would seek, under the equi 
valent concentrated load. The cahle 
stresses and elevations of all intersed ion 
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points were thus approximated and the 
resulting influence lines drawn 

I hat the suspension system is indett i 
minate can readil) be seen from the 
sket h There i^ apparenl l\ no dir< 
and straightforward solution for stress 
determination Before going into the 
method of arriving .it these I i rial figures! 
it in i\ be w »'li to insert -i few remarks 
ing computations of cable ctun es 
in if. 

f the Brsl place, a wire cable i^ 
,in elasl ic member and defta tions are 
;i turn lion <A the modulus of elasticity, 
\\ hich in a prestressed bridge strand 

approximately 24, »,000 pounds 

: M|ii;in- inch. The first step in the 
solution "i ible pi blem i- the fhrii 
of a known ground or unstressed length. 
I bis ground length is determined l>\ 
remo> ing the strefc h from the length of 
up /ill-- 1 under the I tadin >nditi< m 

im 'I. 

- ondiy, the solution <>i an> su 
i< m -> stem in. in I- appn • >< hed 
- ithei t Ik- catena] ^ or | >ui ulwUic 
theory. \ solution "I" tin ^k\-Hi<l< 
I mi ttii % $\ en be roughly approxi- 
mated bj a hi line treatment. 
I ha1 ' solution i- the mi 
mi ih i^ unquestionable. 

The first problem is »<> determine the 
"I' .Hi of i ai h member of 
'Mi' i in. . and I tse of the com- 
plexity ^t the Sky-Ride suspension 
system, tin- most a< i ur.»t.- method of 

mputatioD \* m.up^it. .r v \ basil 

ndition of « ars .it point mil and I 
i and of tin- point v. 

ted. The weights of fittings and 
applied loadings were deU coined \\ ith 
these weights, assumed sizes and eie 
nations taken from the model, oom- 
pul a w.i- started. 

The stress in (1-11 >nled 

l>> extensometer on the model v. 



assumed to bo correct, as was the 

stress in the tr.uk. rope-. Then, 

h ing the pairs of suspenders (200- 
and 200 • interse i ing caten- 

aries, their length, stretch .in* I \ 
ft. ;.i rea< tion, at points on the bwer 
suspension cable were determined. 

I he next step was to establish equili- 
brium at the point of intersection of 
several catenaries. This implies neres* 

il\ that the sum of -ill horizontal arid 
vertical forces be zero respectively. At 
poinl I . r«»r example, the stress in 

<ahl.- i M I ) was kn.»\\ n (from mod< 

and i he reaction of 1 200 1) was cal 
- ulatecL li onl> remained, then, 
the stress in, and to determine the 
length ofcabli I 2). 

The equilibrium of the remaining 
p tints was established in the sai 
manner, 1 2 .'; I 3. etc hai ing been 
computed in that order until point (9) 
was reached, -it which poinl the un- 
balanced boru al eomjunKMit « 
equal and opposite to the known hori- 
u mtal component from the count 
weighted harkstaj group. 

I he completiou of this basic set <>l 
i alculations affords the d of furthei 

computation. The unstressed length 

h member having been determined 
the problem of I1n e load deflect* m » 
attacked by ;» series of successive 
appn un treating all un 

bersas* atenaries, \\ heu the deflect i 

assumed, resulted in -i li- ^«d |en^ r tl 

m Ik tse gn mini lengt li chet ked agains 
thai assumed, the deflection was 
garded as correct. 

The \\ hole problem i>f MjeresMV- 

approximat ion and intersecting eaten 
aries m.i\ seem invoh ed and com 
I'll- ated. Actual! the >\<>rk \\.» 
tedious but not materiallj diffi ult. 

There u unquestionably othe 
methods of attack, such as a tru- 
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No/fM/i/ Operation 

Dead 1 21 1, 100— 86.0% 

Track Live. 11,700— 8.395 

Temperature 8,300— 5.7% 

140,400—100 % 

Dead lJU'OO— 86-8% 

(l-ll) Live 10,500— 7 .3% 

Temperature v400— 5 '•' , 

143,100—100 % 

(2-12) Dead 21,100— 64.7% 

Live 11,500— 35.3% 

32,600—100 % 

Dead 92,600— 84.0% 

d-2) Live 9,200— 8.4% 

Temperature 8.400— 7.6% 

110,200—100 % 

Dead 73,800— 8 1 7 ' , 

(2-3) Live . 5,000— 5.793 

Temperature 8,400— «.'(.', 

87,200—100 % 

Dead 235,000— 86.0% 

(13 17) Live 25,800— 9.5% 

Temperature ... 12,200— 4.5% 

273,000—100 % 



/ mergency Operation 

Dead 120,400 81 2 

L9,600— 13.2% 
mperature 8,300— 5-6 

148,300—100 ' , 

! h id 124,200 80.9 

_>l,0(i(i nc, 

i emperature 8,400— •"> 5' 

153.''"" LOO 

Dead 21.100- : . 

44.100 -100 

Dead 92,600— 77 >,' , 

18,400— 15 r , 
rempei - w 8,400- :"', 

119,400—100 % 

Dead 73,800 80.1^ 

i ,, 10,000 

remperature 8,400— 9 ' ' % 

92.200—100 % 

Dead 235,000- B2 

Live 38.HH) 13 r, 

I, mperature ... 12,200- I 

i _ioo 
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analogy with its influence lines, that are 
less boresome; but the fad remains thai 
each and every cable docs bang in a 
catenary . and i berefore the solut ion 
buM'd on the theory of the catenarj 
is. in tin* final analysis, tin* only rxart 
treatment. 

Set forth in the table on page 125 
are the dead, live and temperature 
stresses covering extreme ranges, and 
total stresses in some of the principal 
i ables and groups for !■■ »lli normal 
and emergency operating i onditions, 

Normal operating conditions consist 
offull> loaded cars weighing 16,500 lbs. 
each, spaced Ton ft apart, and running 
;ti .i speed "i' 520 ft. pei minute. Eraer- 
gencj operating i onditions consisl of 
two cars togi thei wil h a third car 700 
ft. distant. Tin temperature stresses 
are for plus or minus 60° Fahrenhcil 

Ml bridge strands in tin- system are 
di igned >v 1 1 1 ■ a factor of safety of three, 
ba ed on emergency loadings coupled 
with the worst tempi-rat un* conditions. 
I his is i he general!) ai i epte I practice 
in suspension bridge design. The track 
cables have a safel j I a torof four, under 
!ii. i i onditions. 

Practical^ all cables in the entire 
'••in ii. made dis< ont inuous it intei 
■ tioc points or terminals. This is done 
i" simplify the design of fittings and 
also i" make foi ea - of erecti< in. ^s .i 
ult, howe^ 1 1 w<* fmd 328 separate 
i abl in the system, 38 of which an 
differenl lengths. The erection and 
adjustment of such a system would 
hardl) be prat ti< able were ool all cables 
1 n ed and then measured to exa< I 
igth while undei their calculated 
working tensions. 

Pre tressing, a distindiu Roebling 
innovation^ measuring under working 
U usioa and cutting to - cai I lenirtfa 



has been developed to such a sta 
by this Company in connection with 
suspension bridge work, thai the 
chief reliance of a properly adjusted 
system is placed on exact lengths and 
elastic behavior. To count upon Geld 
adjustment in this <;!><• would !»•- lik.- 
trying to tune a piano \\ herein the ends 
of all wires were attached to a common 
flexible member. I nlcss all v\. i 
adjusted simultaneously, the task would 
prove endless. 

\s pointed out previously, the track 
proper in tin* main span is made up of 
four I 1 /' Locked Smooth (oil Cable 

all in the same horizontal plan.-. Kac-li 
of the ten cars is suspendrd from foul 
separate two-wheel trucks, making a 
total of eight wheels per car, the cai 
hanging from one central trunnion point, 
which is located directly alxn e the 
center of gra* ii> of the loaded car, 

I or v.u ious reasons the single point 
suspension For passenger cars on aerial 
tramways i^ essential, although it is true 
thai ilii^ method of suspension is a 
source i»l wonda to the uninitiated 
observer. The sight of a relath elj loi 
i ar, bung from a central point liki 
pendulum, at once arouses visions of 
pitching <»r longitudinal swaying. How- 
ever, the man) years of research, experi 
ment and practical working thai li<' 
behind the modern, highly developed 
aerial passenger tramway, have shown 
the superiority! in point "l safetj and 
ease of handling, of the single point 
suspension. 
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Vlanj attempt a have been made in the 
past to suspend such paesenge* cars from 
two or more points on the cable, bu1 
without success. I >ne baa onlj to look 
»t any or all of tin ai rial rope taramwa \ 
passenger lines no* in operation in 
various parts of the world, to see that 
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the concensus of opinion, among the 
manufacturers, designers and operators 
..| these passenger carrying aerial rope 
tramwa) s, is in favoi of the single point 
suspension. 

The iv.iM'ih.ur n,»i far to seek. Seeing 
thai the track cable must have ■■ certain 

g, the result of a two point suspension 
vrould be an undesirable tilting up and 
down ■ -I the car when approaching and 
J<M\jn^ track cable supports, such as 
towers, stations, etc. The advantage of 
the single point suspension is that, .. 
1 pendulum, tin- weight of the mr main- 
tains i* on an even keel, whatever the 

ide the <;*r truck happens to be 
ascending or descending 

Another point is the effect of .1 head 
"it 01 .» t. illo^ ing wind. In the cas< <>l -1 
(wo |m .mi suspensii »n, the tendency of 
the wind would be to make use of either 
the foi ward <»r reai tru< k .1- 1 ful rum, 
thus lifting the other truck off the track 
with the imminent dangei of derailment. 

lwo point suspensii »ns also 1 ause 
considerable trouble in passing supports 
ind in ii-i\ eling around the 1 in ved rails 
in the station and ;it -w itch points 

I cperience has shown a high percent- 

>-< "i di railrnents w ith two point 
suspension freight cars, partly due to 
tie- tendency of two point suspensions 
i" bind on the 1 im es and tim- ride up 
and off the rail. 

Propei attention in the design to 
questions of speed of acceleration and 
iking, practically eliminates the pitch- 
ing "I 1 .11 .it stai t ing and stopping. It 
is ;ii starting and stopping that such 
lotions are most likely to occur. When 
actually travelling, pitching, or long- 
itudinal swing does not dfv<*lop to an) 
appreciable extent. Wind, as a rule, only 
deflects slightly the vertical .1 v i- of the 
«.»r .ind maintains \\\'\< deflection with- 



in? 

1 ml setting up an) serious swingii 
motion. 

Although l>\ limitations of defle* 'ion 
of ili«' track cables in this installation 
w ith the resultanl reduction of the 
grade, we have minimized some ol the 
objections to two poinl suspension, yet 
other restrictions make it necessai \ to 
adhere to the single point suspension. 

B) computation and test th< 1 ars in 

ili«- Sk> Ride installation have I n 

provided with an arrangement of oscil- 
lation control that I i \ « -^ the mo> ement 
in >u< li ;i niiriiM 1 fli.il tin 1 n - u ill ride 
practically without swing and at the 
same time 1 here w ill !'•■ no c< tuple tend 
ing i" lift an) of the wheels off the track 
1 ables 

The cars w hile in the main span ai - 
hauled by means of endless traction 
1 opes, whi li are in tin n di iven l»\ w ind- 
111- machines mounted on hanging gir- 
dei s bra< keted from tin- i« >wei Tin ) 

ip and ungrip automatic all) to and 
From the tract ion rope w hen lea> ing and 
ente] ing I he tower tru p<w th el) 

There are four of these trusses 1 ach 
about 70 ft. long and extending From the 

t* ii side t.i. es ••! each towei toward 

mid-span. 

While travelling along these truss* 
through the unloading station, around 
the back of the tower, through the 
loading station and out again to the 
track cables, the cars are suspended 
from -1 ill 1 ails and eat h 1 ra \ els under 
ii> own power which i-> dem ed from 
1 wo mot* >* '- mounted on the inboard 
trucks. 

rhe interlocking safetj appliances 
a ith which the 1 u I tti< his tra< I- • etc. 
are equipped, are too numerous md 
involved to admit <»l" description here. 
It has been our purpose here imply to 
point out some few <»l the man) prob- 
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lems thai John V- Roebling's Sons 
Company, as one of the several parti- 
cipating contractors, was called upon 
to solve, and to give some idea of 
the steps taken and the ground 
mv rrrd in reaching " hat proved to 

be satisfactory solut i- *n- of those 
problems. 

The Sky-Ride at Chicago was erected 



as a mechanical attraction for th< 
World's Fair and we make no sweeping 
claim- as to its adaptability as a com- 
mercial transport system. However, it 
requires no greal stretch of the imagin- 
ation in these times of increasing traffic 
congestion, to visualize tin* application 
of this principle to the solution of 3omi 
of our transportation problems. 
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Suspension Bridges 



THE SUSJIiMl^hHl l.lhi-r i-ml.i.H .- 
many features of design which 
make it the ideal t \ pe of bridj 
fur diverse ri\»-i. ravine, streel or rail- 
\ui\ crossings. 

Because ' 'I t li«- grow ing popular 
demand that beauty go hand in hand 
with utility and <vononn. there is a 
marked trend toward the aesthetic in 
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' ■!■-. i ion, I he highly econoini. al Ion 
spans reduce to i minimum, <-r in many 
instances eliminate entirely . cost K sub- 
iii. u ine foundal i< ins and pier w< »rk. 

\ sample from *-\ er> roil of win* used 
in the cables is tested to destruction be 
fore it i> put iuh> sen i< e I he long life 
i -I the Brooklyn, w illiamsburg, and 
many othei In idges, notwithstandu 
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present-da^ bridge design. The sus- 
pension bridge i^ pre-eminent ly t 
struct lire i >f beauty; ii> Datura! graceful 
lines blcnclm<! with am surroundings, 
make it stand out ;i- .i monument ■ »l 
progress. 

Beauty i> do1 theonh virtue in which 
the -^pension bridge excels. It is a 
Simple, safe and durable structure. Il^ 

erection involves no hazardous canti- 
levering nor false-work. Traflie need 
not be tied up, nor diverted during 



in, reased traffic conditio m which were 
not dream. .I ..I at the time they were 
built, i- ample testimi >ny of the <le- 
pruijabilii) and durability of Roeblu 
Bridge Cables. 

In the design of a suspense »n I" idge, 
the engineei is not placed under the 
handi< ap of working w itfa unknown 
conditions, and in using Roebiing Wire 
Cables he is dealing with materials 
which have, without question, success- 
full) passed the severe tests of time 
c 1 1 1 < 1 extreme service. 
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Uloui Bridge Wire and Bridge i ables 
are manufa< tuured in our ow n plant, of 
i he besl and most reliable materials. 
I inh t old-drawn wires made from a< id 
open-hearth steel arc used in 'Cables 
h\ Roebiing". 

I he John V Roebling - Si»n> < orn- 
pan\ maintains • I >epai tmenl i <l 
Bridg< Engineei ing « lii< li w ill gladl] 
co-op* lit. with designers, furnish de- 

-]-m-. -|m-< iti« .it 1 1 in- and estimates on 
aU ' ) pes <•! suspi nsion ltri<i_- 



iin<l for connecting 1 1 *• * upper stories 
detached buildings. For inaccessible 
canyon, gorge and ravine crossii 
where it is impracticable i«» transp 
heav) materials by rail or truck, th< 
relath ely light members of the sua 
pension bridges can be readily trans- 
ported b> means of pack trains or mai 
p >wer. 

\\ e furnish detailed ere. imn plans and 
instrin tions with material, ready foi 




Penn Public Service t <>r r „,rnit,,,, it,. >!-,-. /(..< A . f <><**/. /•«. 



I OOl l»r idgefi 

'I he Suspension Fool bridge is a light, 
-' ■■• i ful, economic al and easilj ere< ted 
structure. The prosp ctive builder of 
an) bridge foi pedestrian traffic, should 
investigate th( advantage -.1 the sus 
"< type before making a final 

lu|| 

I hi pe of bridge has been erei ted 

with gratifying results in parks, -< I I 

grounds on goll - ourses, for river 
' " tones and mines, railroad 

i rossings ;»i terminals and elsewhere, 



ere* I ion in the field, thereb) simplify 
held supen ision and reducing 6eld labo 
to ,i minimum. 

W e are in a position bo supplj , 

short notice, the follow ing material 
for small bridges: 

i ables 
I lable Band 
' able I lamps 
Bridge Sockets 



Vnchorage Steel 
Saddli 

Suspends Hop 
Suspender Mods 



Turnbuckles 
Vlso fower and Floor Steel \\ «»rk. 



I igt 

d OOflDDI 

'"T) III''. 

mi 



i 
* II 






Uf>¥ 

TWBrid 



.. 



l:il 









«s of the 



plans 




tbj ■ in ti 

, • : .<lm 

.;;.U, Ml 

at 



wderR' 




Corbet t and Stuart Bridge, Corbett \ j 






.|W 



Light Highway Bridges 

Miin> .'siiit.xi. farms, stores, fa< tones 
mmunities, are just "across the 
river" from the paved highway. Tin- 
tight suspension bridge is a most satis 

I" l«T\ in.Mli. ,,|' pla.-inj; il,,.,,, , )Mi or 

ilfiin «m-> rc;«. hing distance "l th< 
main road. These bridges add to the 
"I. beaut) ol .my locality. The) are 
T'" kK erected, the comparative!) 
light uriL-lit „f material used, making 
heavy, expensive erection equipment 
unnecessary 

Across streams or rivers subject to 
ll '"" 1 conditions, they are especially 

irable, as the towers are set well 
into the shore therebj allowing the 
unobstructed Qoni of water and debris 
during floods. 

Roebling Bridge I ables are today 

pporting manj lighl highway bridges 

'"'•""i partsofthe world. Thespan 

ma) be upward to 600 ft. in length, and 
" or more lanes for traffi< i an be 

provided 

1 n< Bridge illustrated above on this 
-'•■ connects a small industrial com- 
mit) with ;i state highway. Thei 
''"' man) other localities where just 



s«ch a bridg< is needed. I el us help 

*«'lvi- your piMhl.iii. 

Intermediate Span Kighwaj Bridges 

We have developed .. ne\i tj pe of 
I'" stressed bridge trand cable foi 
spans requiring indh idual cables of aol 
more than 215 square inch 
- ■ tional area, the use of which material- 
ly reduces the cosl of su< h stru< tur« 




I hna Bridge, P >rr 1 1 

tion Each of tht I main cablt beauti- 
ful new bridge ■■ 

R( teblirifl Oalvati./*-! Urn N 
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Grand* Mara Strand Suspension Bridge, Quebec, Ca n ada. Pulp Conveyor Itritlxr in background 



The main cables are composed of i 
number of high strength galvanized 
bridge strand \\ ith b minimum guar- 
anteed modulu - i »i elasticity of 24,000, 

000 pounds per square inch The 
strand - ai e laid parallel in the main 
• able, I he sti uctural s-treti l> of bridge 
strands which has heretofore limited 
their use on intermediate - pan High* a> 
suspension brides Imv l>ron eliminated 
bj our recently developed pre stressing 
process < >m n<\n < umpiui i ype of 
anchorage, used in connei tion w ith the 
bi idge si rand cable, also effects ■* ^;i\ ing 
in time and i osl ol ei ection. 

I he 9 i ( ' feel span highway bridge ai 

1 irand' Mere < Quebec, the nem 1207 fee! 
Si Johns highway span ;it Portland, 
< hregon, and ili<* L060 feel span highvi 
bridgi reeled across the I Hum \{\\ « r . ■ i 




\lii>s\ill<\ Krtihirky, arc notalilo »\ 

ain|il.'N of bridges using Roebling 
Vlultiple-Strand Main Cables. 

Long Span Highway Bruises 

The Superioril > <»j Parallel \N ire 
Main Cable Suspension Bridges for 
spans is definitely established. With 
four exceptions tlii^ < Company has 
furnished the cables for ever) large 
suspension structure of tln^ type in the 
I oited States, "Cables !>> Roebling" 
i^ more than a phrase, ii is a guarantee 
of reliability and service. Following 
i^ ;i partial lis! of America's greal 
suspension bridges built with Roebling 
l ables. 



Undue 



I >ate 



Span 



strand cabUu 



Brooklyn Hrnlire 1883 1.595 ft. 

\\ illiaj Bridge 190 I 1.600 ft. 

dge 1909 1.47a ft. 

Bear Mountain Brid§ L924 1.632 H 

i ■■ .rge u iffbinirton Bridge U 3,. r >iMi ft. 



Other Suspension Struct urea 

I he suspension bridge principle is 
readil) adaptable to other commercial 
and construction requirements, ;»s foi 

-\itiii|«l< : l'nl|» Wood Conveyors, Belt 

I onveyors; Pipe Line Crossings; Sua 
pended Roofs 1 4 hangars and similar 
large buildings where unobstructed 
floor space la .it <i premiunii 



I 



Butter i 



ktaoc 




■ 




\rin l*eki round 

* f: 

- I 

I Bridges 

did w 
listed n 

; > i; 

I 'I! 
Villi I 



a 
oa 

H 



»,,.!. 
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Galvanized Steel Bridge Cables 

Composed of 7 Strands tat h h u %iii K 7, 19 „ r more Wires 
depending upon Calik- Diameter 



Diameter in 



-". 

2y 6 

: 

i', 
i\ 

I': 

l\ 

1 
v* 



kppro) imatc 
circumference 

in 



\H'f ■•«. imate 

foot 
m pounds 



m 

.v. 

I', 



L2.90 

12.10 

1 1 on 

9.90 
8.91 

7 92 

Tut 

6.19 
5.3) 
4.36 
3.72 

12 
2 57 
2.0 ' 
1.65 

1 27 
0.96 



' li in tons 
2,000 lbs 



illie 
area in 



310.0 
283.0 
256.0 

-'.0 

_'<>VH 

1 85.0 

1«4.0 

Ml 

124.0 

106.0 

'•0.0 

75.0 

62.0 

12.0 

-•i l 



3.59 

3.04 

2.75 
2 18 

L.72 
1 19 
1 24 

I 06 
0.89 

I I 5! I 
17 

0.27 



Wire N R M~c2tel e8 ° f ! ' Jl; '""' l '' r ; ""' larger usuaI1 >' furnished with Independent 
Data on Bridge Cables up to 4 ' ,." diameter will be furnished upon applii 

Galvanized Steel Bridge Strands 



mi. i diameter, 
inohi - 


w eight per h 

P<iinifj*i 


\ i i « n |iiare 


Mi. iiltimate 
jth, pounds 


IN 

i 


4.70 

3.90 

3.38 

2.01 


1.337 

1.105 

956 

,798 

.569 


•J7< I.I Mill 

• 

I'M, mm 
l.il.uiiii 
115,000 



Minimum Modulus of Elasticity up to 50% of Ultimate Strength. 24.000.000 pounds 
per square inch. 
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Open Bridge Sockets 

For use with "Blue < enter" Steel Ropes and Galvanized Bridge Cables 

Reg i - r-.r. Off. 



■ 



2H 
2 



i' 

i 



% 



e up 



Is 
Is 

Is 

is 

\r, 

L5 
L5 

I J 

12 

12 

9 

9 

9 



i 
i 



60 
56 
52 

12 

39 

36 

32 

30 

25 
23 

21 



' 


Depil. 






boll b< 


bowl D 


14" 


11 V 


14 


1 1 


w% 


L2J 


Hi', 


ll's 


QH 


8Jl 


7X 


7',. 


7H 


7' • 


6J j 


7 


6 


»;', 


5J . 


c 


5 


5^4 


«'. 


IN 


» 


• 4 



i ipening 
beta >-iii 
- K 



I', 

>', 
4 

3 ! _■ 

;', 

3 
254 

2] 

-". 
_' 

1'. 

i' i 



meter 




(pin 


1 i.iltB 


w 


.{'," 


• '.< 


m 


4 


3 


3H 


2% 


m 


2>2 


3 


2M 


2% 


2M 


->',- 


2 


2M 


I5i 


2 


s 


Ui 


1?B 


i 


IK 


l ' - 


i ] 



\|.|>n II 

tf»tal weight 
pounds 



990 
860 
630 

170 

290 
225 

220 
160 

110 
85 

60 

32 















Prices furnished on application 









tridgi * ablc« 



total weight 



MO 













i 


.- 

[60 




111) 




60 




IS 

32 







Open Bridge- Sockets 

For use with Plow Steel and Casl Steel Ropes 





i ike 






1 




; ■ 


inches 


bol 


i 


cen 


IO » 1 












holes 




2% 


18 


■ 






14" 


111 ," 


\M 


■ 


18 


60 






1 1 


1 1 1 ' i 


-H 


18 


r,i 






nk 


I 2 ! ._■ 




2 


18 


50 






10 


uk 


■ 


\% 


15 


12 






8k 


83 


H 


1 


15 


39 






7k 


73 


'. 


LH 


15 


39 






7k 


7k 




U 


12 


36 






'■>' 


7 


■• 


i', 


12 


32 






6 


6) 




lk 


12 


30 






5k 


6 


'-. 


i 


9 


25 






5 


K 




H 


9 








lk i 


i 


H 


9 


21 




4 J tk Ik 




Plow Steel Ropes 




Cast Steel Hop 


1 i 














ro| 


1 llHIIi. 


Diameti 


M <■: 


I >i 


1 > 


la 




pill 




indfl 








*k 


»'.■" 


:;• . 


975 




4" 


3" 


790 




4 


3 


750 




3k 


2k 


650 


2k 


3k 


w 


530 




3k 


-"■.< 


440 


j 


3k 


23 


375 




: 


2k 


330 


i ! , 


3 


2k 


_'.•.! 1 




2k 


2 


209 


I's 


-". 


2 


185 




23 


1?4 IH 


lk 


-"j 


2 


175 




-", 


1 


1 25 


1 


j 


Ik 


127 




2k 


lk 


1 1 15 


1", 


2^ 


IH 


luii 




2 


1 


80 


ik 


2 


lk 


70 




57 


i 


Ik 


Lk 


51 




i 


lk 


15 


; - 


13 


lk 


37 




I's 1 


32 


k 


Hi 


1 


-'7 




lk 


22 



«8 furnished mi application 
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Closed Bridge Sockets 
I «>r use with "Blue Center" Steel, IMo* Steel ami < ast Steel Koi><- and 

He*, i S. Pal Mff. 

Gal\ani/.ed Hri<|^r C-ablei 



For osck 



Diameter of rope 


Take up. inches 


Le 


enter 


Depth of socket 


bcfl 




I. 


■ hules 


nrl I)" 


2H 


18 


IS' 


14- 


\V>" 


2', 


18 


15 


14 


14 


2M 


18 


42 


UK 


12^ 


2 


is 


39 


\0H 


HH 


Wl 


15 


33 


*H 


8^ 


m 


15 


30 


7H 


7H 


\\i 


15 


30 


7H 


7fc 


IH 


12 


26 


6H 


7 


M 


12 


24 


6 


6^ 


IH 


12 


22 


6H 


6 


1 


9 


18 


5 


5tf 


7 A 


9 


17 


4^ 


4^ 


H 


9 


16 


4 


4H 



Pri on a|»| 



~7 :acse» 









. 







I Roland 



Dept* 



14 

UK 

6 
4* 



I.:: 




Closed Bridge Sockets 

For use with "Blue Center" Steel, Plow Steel and Casl Steel Roue- and 

Keg D - Put. Off. 

Galvanized Itriilae Cables 





"Blue Center" Steel 
Rope and Bridge Cables 


Plow Steel Ropes 


Cast Steel Roped 


of 














rop«- in inches 


I iiainflcr nf 

"U" bolt 


Approximate 
ght 

pounds 


1 'i.'irneter of 
C holt 


.■iii 

pounds 


1 ''.irrieter <>f 

1 


\ pproximata 

uiids 


2% 


3> 2 " 


690 


:•!'/' 


690 


3" 


590 




3H 


600 


3 


550 


2% 


500 


2K 


3 


435 


2% 


385 


■J 


345 


2 


2H 


320 


m 


280 


-'■-, 




IH 


2K 


200 


2H 


175 


2 


153 


m 


2H 


146 


'2 


125 


IK 


'.'7 


m 


2H 


146 


2 


125 


m 


90 


m 


2 


108 


IK 


81 


m 


70 


IH 


1% 


71 


m 


65 


w% 


56 


W% 


1 % 


55 


w 


46 


IK 


42 


l 


IH 


38 


IK 


34 


IK 


31 


7 K 


iK 


28 


IH 


24 


l 


22 


H 


iy 9 


20 


l 


L8 


K 


16 



Prices furnislicl mi application. 
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Roebling Publications 



^ ire Rope and \\ in* < ir rural catalog hand-book 
Roebling < lalvanized \\ ire Rope I Ilips 
Kofhlin? \\ ii « Rope and Groramel Slings 
Roebling ^ ii» i « »i»" x "« kots 
I he Splii ing of W Ire I t<»pe 
Suspension Bridges \ I enturj of Progress 
\\ ire Rope and I itl ings 
li-nhlini: rial \\ Ire 

ebling \\ elding W ire 
Roebling W ire Viri rafl Pri >du< ta 
Roebling Electi ical \\ ires and I abl 
Ri h bling Magnet \N ire 
Rubber I lovered \\ ires and * lables 

Weather-proof ^ ires md < labli 
'Jersi \\ in f.li.th, Wire Netting and Wire Screening 

"Jei sej Win I »tli 

\\ h\ < loppei (& reening 

V Lisl of Roebling Pr< >dm I 

Mailed I pon Reque I 



Ill 



J 



ohn A. Roebling's Sons 



C 



om 



pany 



Trent. in, New Jersey 



Works 



Trenton, X. J. 




Roebling, \. J. 


Br; 


qcI 


ea : 


New York 




< ileveland 


< lncago 




Philadelphia 


Boston 




Ulanta 



[ohn A. Roebling's Sons Company 

of California 



San Francisco 
Scuttle 



Los Angeles 
Portland, Ore. 



r i 



